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FOREWORD

When the U.S. Office of Education was chartered in 1867, one charge to
its commissioners.was to determine the nation's progress in education. - The ,
National Assessment of Educational Progress (NAEP) was initiated a-century" '
later to address, -in a syStematic way, that charge.. _ .

Each year since 1969, National Assessment has -gathered -information about
* ‘levels of educational achievement across the country and reported its findings
to the nation. NAEP 'surveys the educational attainments of.9-year-olds, 13- .
year-olds, 17-year-otds and young adults, ages 26-35,.1in 10 learning areas:
art, career. and occupational development, citizenship,']iteratuée, mathematics,
- music, reading, science, sqcial_studies and writing. Different learning areas
are-assessed. every year, and all areas are periodically reassessed in order to
measure change in educational achiévement. -National Assessment has interviewed

and tested more than 720,000' young Americans since 1969. _-° _ e
Learning-area assessments evolve from a consensus process. --Each assess-
ment is. the product of several years of work by a great many educators, schol=
ars and lay persons from all over the ndtion. Initially, these people design
objectives for each subject area, proposing general goals they feel, Americans =~
“should be ‘achieving in the. course of their education. After careful reviews,
these objectives are given to'exercise (item) writers, whose task it is to
. create m§h§urement tools appropriate to the objectives. . o
. S .- - . . : ‘ . 4
When the exercises have passed extensive reviews by subject-matter spe- ..
cialists, measurement experts and lay persons, they are administered to ‘prob-
ability samples. The people in these samples are chosen in such a way that
-~ they represeng/the national population. Therefore, on the basis of the per-
formance. of. about 2,500 9-year-olds-on a.given exercise, we can make generaliza-
" tions aboutythe prgbable .achievement of all 9-year-olds- in. the nation. “Per-
formance is’reported- in -terms of the percentages of young people correctly an- '
‘'swering a given-exercise or set of éxercises; changes in performance are the )
differences between.the pergentages of young people correctly answering a
given exercise or set of ekercises from one point in time to another. °

-

) . . ’ . .

: After assessment data have been collected, 'scored and analyzed, National -
Assessment publishes reports to disseminate the results as widely as possible.
" Not all exercises are released for publication. Because NAEP will readminister
some of thé same exercises in the future to determine whether the performance
level of Americans has increased, decreased or remained the same, it is essen-

" tial -that_they not be released in order. to preserve the integrity of* the study.

, See fhe'jnside-back cover .of fhis.réport for a complete 1isting of addi-
tional reports on science assessments..: : : C .

iz

. . v
B - .
. E -
- . ’ 1 1
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~ INTRODUCTION

The National Aséessment of Educational Progress has completed three assess-
ments of science. They were conducted in 1969-70, 1972-73 and 1976-77.}

This report summarizes changes in science performance on exercises included
in both the first and second science assessments and on exercises included in
both the second and third science assessments. Using the same exercises for
- adjacent assessments, with some exercises common to all three, National Assess-
-ment was able to measure improvements and dec11nes in ach1evement between
1969 70 and 1976-77. .

Each assessment utilized a deep]y strat1f1ed, mu1t1stage probab111ty sam-
ple design and a professional data collection staff. To the extent possible,
administration conditions were kept constant across assessments. Appendix C
documents the procedural changes that have occurred between the first and
“third assessments. .

Changes in science performance in. th1s report have been summarized accord-
ing to the 1972-73 science objectives? and by type of science (content) The
content clusters comprise biology, physical science and other, or unclassified.
An additional summary has been included for exercises that were administered
in all three assessments of 9-, 13- or 17-year-olds enrolled in school.

National Assessment has published a number of reports related to science.
A complete 1ist is included on the inside back cover of this report. Reports -
most re]evant to this technical summary include: _ .

* Report 1 -~ Science: National Results (July 1970) Contains released
exercises from the first science assessment and technical documentation
of methodology.

L

“1The assessment schedule varied for each age level. The actual administration
" dates were: , : ,

Age 9: January through February 1970, 1273 and 1977

Age 13: October through December 1969, 1972 and 1976

Age 17: -+« March through May 1969, 1973 and 1977 :

Young Adu]ts October 1972 through May 1973 and May through July 1977

\,’2Sc1ence 0bJect1ves for 1972-73 ‘Assessment (Denver, Colo.: Education Commis-
" sion of the States, National Assessment of Educational Progress, 1972).

i1l
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 Report 04-S-20 -- Changes in Science Performance, 1969-73: Exercise
* Volume (December 1975). Contains change exercises that were released
after the 1972-73'science assessment with national results for all
responses- and correct response results for sex, race and region.

* Report 04-S-20 -- Changes in Science Performance, 1969-73: Exercise
Volume, Appendix (two voTumes, April 1977). Contains all exercises re-
leased after the 1972-73 science assessment, with percentages and
standard errors as well as change statistics for region, sex, race,
parental education and size and type of community.

* Report 04-S-21 -- Science Technical Repart: Summary Volume (May 1977).
Contains detailed methodological documentation of the 1969-70 and 1972-73
science assessments as well as summary data for ‘objectives and content
classifications. '

"+ Report 03/04-GIY -- General Information Yearbook (December 1974). Con-
tains a condensed description of National Assessment methodology with
emphasis on the 1971-72 and -1972-73 assessments. . ;

* Report 08-5-00 -- Three National Assessments of Science: Changes in
Achievement, 1969-77 (June 1978). Contains a capsule description of
changes in science achievement between 1969 and 1977 with interpretive

- -comments by a group of science educators.

* The Third Assessment of Science, 1976-77: Released Exercise Set (May -
1978). Contains exercises released after the 1976-77 science assess-
ment, including exercises used to measure changes in achievement from
1969-70 and 1972-73.

*+ Technical Appendix ‘to:the Third Assessment of .Science; 1976-77; Released
Exercise Set (December 1978). Contains 1976-77 percentages of correct
responses and standard errors for. correct responses to all released cog-
nitive exercises. Variables include race, sex, region, community size
‘and grade. : ' :

~ Organization of thé Report

. The first chapter of this. report presents a history of the development of
the science objectives and exercises and describes procedures for sampling,
. data collection, scoring and analysis. :

The second chapter summarizes changes in mean percentages of acceptable
responsec for each in-school age group. Summaries are presented for all exer-
cises as well as the 1972-73 science-objectives, content categories and exer-

- cises administered in all three science assessments. S

* - The third chapter describes changes in performance for various school-
age subpopulations: geographic region, sex, race, level of parental education,
type of community, size of comminity and grade.in school. ' : -

\
oy X))
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The fourth chapter descmbes changes in performance for young adu]ts,
ages 26-35, between 1973 and ‘1977.

15




CHAPTER 1
BACKGROUND

h1story of 0bJect1ves and Exerc1se Deve]opment

The exercises used to report changes in science ach1evement measure broad
education objectives, which. represent. a consensus of educators, subject-matter
- experts and interested lay persons about what young Americans should know and
be able to do. These objectives are not an attempt to mandate behavior and
value systems; rather, they represent-goals that a diverse group of people-
identified as desirable for young Amer1cans to accomp11sh .

Objectives for the 1969-70 science assessment were deve]oped by the Educa-
tional Testing Service in 1965.! Dur1ng 1969 through 1971, the objectives were
reorganized for the 1972-73 assessment The major 1972- 73 obJect1ves were:

1. Know the fundamenta] aspects of science.

I

2. Understand and apply the fundamental aspects of science in a wide
range of problem situations. .

3. Apprec1ate the know]edge and processr i i sc1ence the ‘consequences
and limitations of science, and the ¢ +onal and soc1a1 re]evance of
science and technology in our soc1ety o ?

Subobjectives for each objective consisted of Fundamenta] Aspects df Sci-.
ence and the Scientific. Enterprise. Fundamental aspects were' further .stibdi-
vided into: facts and s1mp1e concepts, laws (pr1nc1p1es), conceptua] schemes
and inquiry sk111s «/ {

/Q\.
The number of exercises used to measure change between: assessments by age
group and objective is shown on thc fo]]ow1ng page v

. 1
n

R o
) i
¥

"15c1ence 0bJect1ves, 1969 70 Assessment (Ann Arbor, Mich.: Comm1ttee .on |
Assessing the Progress of Educat1on, 1969), ava11ab1e through the National
"Assessment off1ces ' - , ‘ -

"25c1ence 0bJect1ves for 1972 73 Assessment (Denver, rolo Education Comm1s-
sion of the States, Nat1ona1 Assessment of Educational- Progress, 1972).

N




Assessments Age  Know Understand/ Aggreciate © Tctal Number

___PRpply of Exercises
1969-70 to 1972-73 9 40 a7 5 92
- 13 37 28 2 67
| 17 3 .30 5 ' 64
1972-73 to 1976-77 . 9 32 36 3 71
. 13 38 37 0 75
17 31 37 2 70

-

The process of developing objectives and exercises to assess performance
in a subject area across time is a difficult task. There must be a sufficient
number of identical items to measure change reliably; on the other hand, the
assessment must keep current with changing curriculum objectives. Therefore,
after each assessment some items are released to the public and some are kept
secure for the purpose of measuring change. Before the next assessment, the
objectives are reviewed and revised, and new items are written to measure the*
revised objectives. . ' ' '

_ For the 1976-77 assessment, a somewhat different approach to objectives
development was taken. Science consultants and National Assessment staff
agreed that the 1972-73 objectives represented an excellent statement of the
purposes and goals of science education but were not specific enough to pro-
vide a clear guide for writing assessment exercises. For assessment purposes,
a two-dimensional grid was defined.® The first dimension is similar to-the
1972-73 objectives, with four levels: “knowiledge; comprehension; application;
and. analysis, synthesis. and evaluation.” The second dimension divides the do-
main of science into three major areas: content, the body of science. knowl-

~ edge; the process by which the body of knowledge comes about; and science and

- society, the implications of that body of knowledge for mankind. Each of these

- 15 further subdivided into specific components. - Within each cell of the grid,

- .specific objectives were developed to guide jtem development. - o '

— Wkile the 1976-77 objectives have not been used as a basis with which to
summarize the changes in achievement from preceding assessments, they have-been
used to-summarize.cognitive achievenent in the 1976-77 assessment" and will be .
used to summarize change measures from 1976-77 to the next assessment of sci- = -

‘ence’, - S - -

. - — . [ ) 'm"“ - ‘ - . - . , . :
3Science Objectives for the 1976-77- Assessment (Denver, Colo.: Education Com-
mission of the States, National Assessment of Educational Progress, forthcoming).

“Science Achievement in thé'Schbo]s,'Réport“OS-S-Ol,'1976477 Assessment (Denver,
Ceclo.: Education Commission of the States, National Assessment of Educational
. Progress, 1978). .- ' _ o
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Many people from across the country have been involved in the developmeint
- of objectives and items for these assessments. Subject-matter specialists,
measurement experts -and lay persons not only helped develop the objectives,
‘they also participated in reviewing and revising exercises. All newly developed
items were field-tested with students representative of high- and low-performing
‘groups.. Before and after each "tryout" assessment, the. exercises were discussed
by panels of reviewers, many of whom represented minority groups, to guard:
against the-possibility of racial, ethnic or sexual bias. - '

Sampling and Data Col'iection

~ Each year National Assessment selects respondeiits at ages 9, 13 and 17
using a deeply stratified, multistage probability sampie design,® This sample
design guarantees that each respondent is selected with a known probability;
hence, each respondent represents a known fraction of the entire ‘popuiation at
that age level. By weighting each respondent's performance inversely to his or
her .probability..of selection, National Assessment can make appropriate gener-
alizations about the entire population of 9-year-olds, 13-year-olds and 17-year-
olds enrolled in school. ' ‘ -

National Assessment does not follow up specific .individuals from one
assessment to the next. In other words, the students who participated in the
1969-70 or the 1872-73 assessments are.not the same ones who participated in.
1976~77. However, in each assessment. year, participants are carefully select-

“ed to represent each age level. For example, National Assessment assessed one
_probability sample of 9-year-olds to ascertain science achievemznt in 1970
and totally different probability samples of 9-year-olds .in 1973 and 1977.
Each was .a:sample of the population of:students- who were 9 years old during
that ‘assessment year.: Thus, when we say that 9-year-olds' achievement declined .
between 1970 and 1973, we mean that students who-were-9 years old in 1970 cor-
rectly answered the same questions more often than those who were 9 years old
in-1973. . R B ' : P ’

'The'tﬁree school-age populations selected for each of the science assess-
ments were defined as follows: : - OSES

: 5VSee.kAp'pendix A for technical details about National Assessment sampling pro-
-‘cedures. : ‘ oo - . R
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Age | 1969:70 | . 1972-73 . 1976-77

» Assessment . Assessinent : Assessment
9 Born in 1960 -  Born in 1963 Born in 1967
13 Born in 1956 ' Born in 1959 Born in 1963
17 Born between " Born betﬁeen Born between
' <t Qctober 1981 and October 1955 and . ~ October 1959 and .
: September 1952 - September 1956 September 1960

: The pbpu]ations were further restficted to‘students enrolled in pdb]ic or pri+’
vate schools. who were neither in institutions nor too functionally handicapped

to respond to asseszment exercises.® - \

Once the exercises were selected. for the assessments, they were assembled
into booklets that were administered to probability samples of each appropri-
.ate age group.. Mot all students responded t: all exercises. Each booklet or
group of exercises was administered to a representative sample of about 2,500
.9~, 13~ or 17-year-olds. The approximate numbers of respondents who partici-
pated in the science assessments are shown in Table 1-1. T

TABLE 1-1. Numbers of Respondents for the
Science Assessments, Ages°9, 13 and 17

- Age. - 1969-70 - 1972-73 . 1976-77
9 - 19,468 20,862 - . 17,345 .
13 21,696 . 23,567, 25,653

7o 22,913 . 25,865 . 29,140

" In order for an assessment to measure changes in perfofmante‘re]iab1y5 it

must replicate testing conditions as- nearly as possible. Thus, items used to
- measure change are as nearly. identical in'wording and format’ in each assessment °
'as is-possible. National Assessment further attempts to keep administration ’

.~ procedures’ constant by tape-recording instructions and items and by using
~ trained administrators, rather than classroom personnel, to conduct assessments.

© assessments'can be found in Appendixes A ahd C.

i

A discussion .of changes that have taken place over the course of the three

: "$The 1969 and 1973 assessments of i?-&éar;dlds_inc1uded samples of dropouts .
- .and early. graduates. Funding limitations precidded a similar sample-in 1977. -
Thus, results in this report are Timited to 17-year-o]ds-enrol]ed in school.

B o e



Scoring

It is also essential that identical scoring procedures be used in each .
assessment if data are to be used to measure change. - Both multiple-choice and
. ‘open-ended exercises were included in the science assessments. Not more than

- six open-ended exercises per age were included in change summaries for. 1972-73

to 1976-77.-0ne op°n-ended exercise for 17-year-olds was included in 1969-70
- to 1972-73 summaries. Individualily administered experiments were .inciuded in
both the 1969-70.and 1972-73 assessinents. Becausg of technical difficulties
with apparatus and scoring protocols, none of the experiments were inciuded in
. change summaries 'for the first two assessments. Funding limitations precluded
" the use of individually administered experiments in ‘the 1976-77 assessment.

L Responses'to multiple-choice. items were marked d1rer;1y in the assessment
booklets. The booklets were optically scanned and ed1ted by both computer and
scoring- staffs to ensure-reliable scoring. _

.Only about three to five open ended. exerc1ses per age group were available
" for measuring change between the 1969-70 and 1972-73 assessinznts. One exercise
was rescored for age 17 and included in changa sumnariss. The remainder were
omitted from summar1es because of the questicnabie comgarability of scoring

: procedures :

.1

: Scorwng cqmparab111ty for open- ended items was arnzeved between 1972- 73
and 1976-77 by.rescoring the. 1972-73 responses ~1mu1tanCuus]y with-the scoring
of 1976-77 responses. Four- highly trained scorars with previous assessment

" scoring experience coded- the responses for each age group as assessment book-

lTets were recelved from the data co]]ectlon staff.
_ Scor1ng for each age group took 8 to- 1¢ vieeks.. At the beginning of scor-_
ing for each age group, the scorers were trained by the Measurement Research
Center scoring d1rector, a science consultant and the National ‘Assessmenti sci--
ence analyst.: The scoring guide for. each -exercise. was presented and discussed. -
Samp]e responsés from botn the. 1972-73 and 1976-77 assessments were 1ndependent-
1y coded by both.scorers and trainers and scores were compared for consistency.
. Scoring .guides were clarified and revised, if necessary, and fovre samp]e re-
,sponses were scored until near-perfect cons1stency was achxeved .

To he]p maintain qua]]ty control and 1dent1¥y problems, 10% of each scor- -
er's work was 1ndependent]y scored by another, usually within one:or two weeks
of each other.  Agreement beiween scorers, on about 250 to 260 responses per
exercise, ‘ranged from 96 to 1004 on: the open-ended exercises 1nc]uded in change
summar1es, as shown pelow. - :

! ~

. 'fggif?' ?_, Number of -~ Range of Percentof - .
S "~ Exercices © Agreement on 10% Subsamp]e
9 5 96 fo 100%

13 6 . 96 to 95%
17 6. . <. 97 to 100%
* ’ ;-



- These figures indicate how consistently a small group of highly trained scorers.
can score the same set of papers. - : ' '

Measures of Achievement

The basic measure of achievement reported by National Assessment is the
- percentage responding acceptably to a.given item. This percentage is an esti-
mate.of the percentage of 9-, 13- or 17-year-olds who would respond acceptably
to a.given item if every 9-, 13- or 17-year-old in the country were assessed.
?ercentages of correct responses are used because each item is designed
as-a separate measure of some aspect of an objective or subobjective. The pur-
pose of National Assessment is to discover if more or fewer people are able’to
answer these items correctly -- and thus meet the objectives -- over the years.

. Procedures for estimating percentages of acceptable responses to exercises
are dependent on the sample design. Each response by an individual is weighted
and multiplied by an adjustment factor. for honresponse.? An estimate of the
- percentage of a particular age group that would have.responded to an exercise
acceptably if the entire age group-were assessed is defined as the weighted
number of acceptable responses divided by the weighted number of all responses.
- A similar ratio of weights is used to estimate percentages of acceptable re- -
sponses for reporting groups or subpopulations of interest.?®

. The difference between the percentage of acceptable responses for a -report-
ing -group and that of the entire age group on an exercise describes the per-
formance of any reporting group relative to the entire age group. .This differ-
ence is a positive number if the group achieves a higher percentage than the -
‘entire age group and is a negative number if the group achieves a lower per-

-~ centage. For example, a group performance of +1.& indicates that the percent-
age of acceptable responses for the group is 1.8 percentage points higher than
the nationa]~perqentage of acceptable responses fer a.particu]a[ age level.

; Increéées or‘decreases'iﬁ thé'pekceptage of acceptable responses betweeh .
two assessments are estimated by finding .the difference betweern -percentages
. obtained from each assessment. A positive difference indicates an increase,

7Appendix D.discusses nonresponse in assessment samples.

‘ 8Eo11owing the 1976-77 assessment, a weighting-class adjustment procedure was"
used to dampen fluctuations in estimated population proportions across the

£ight ‘assessments conducted between 1969-70 and 1976-77. Documentation of

- this ‘procedure and estimated population proportions are included in Appendix .

B. - Consequently, the estimated.percentage of correct responses. in this

.report and Three National Assessments of Science: Changes in Achievement,
1969-77, Report 08-5-00, may deviate sTlightly from the figures in earlier

science change reports. T : , S , .
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and a negative difference indicates a decrease in the percentage of students
who responded acceptably from one assessment to the next. These differences,
or change measures, are used to indicate- tyends in achievement, or performance,
for an age level or subpopulation of in;ggist; .Changes in group differences
- from the national performance between two assessments are used to indicate the
relative trend of a group compared to the national trend of the age group. -

. To present a gemeral picture of changes in achievement, National Assessment
summarizes the gains or losses on each exercise (either for the entire learning
/area or for some integral set of exercises) by using the mean, or arithmetic
. average, of the changes in percentages of acceptable responses to the exer-
cises. During the first years of the assessment, the median was used as the
‘principal summary measure. However, the mean was chosen as the principal sum-
‘mary measure of change after extensive investigation showed empirically that
it was more suitable for National Assessment change data ‘than alternative mea-
-sures.? In addition, the mean is an easily understood and fairly well-known
statistic and has simple arithmetic properties useful for -the analysis of dif-
ferences or change measures -- in particular, the difference between means is
- the same as the mean difference. This property allows us to describe accurate-
ly the mean change as the difference between mean percentages of acceptable
‘responses from one assessment to the next. Mean percentages for the science
- assessments are used throughout this report to simplify descriptions of change.
Its use. does not signify that the mean.is the best summary statistic to.use .in
each. assessment separately, nor do we intend that the mean percentage should
be construed as an average test score. : - .

Unless the items summarized in the mean percentages of acceptable respons-
es are.identical, the means of one age group should not be compared to the
‘means of another, since their values reflect the choice of exercises -in addi-.
.tion to the performance of ‘the students. When only a few exercisés are sum-
marized by a mean, we should be especially cautious in interpreting results,
‘since a small set of exercises might not adequately cover the wide range of
~potential behaviors included under a given objective or subobjective. The-
mean should be interpreted Titerally as.the arithmetic average of the percent- -
age of acceptable responses obtained from National Assessment samples on a
specific set of exercises. ‘ - : : >

- 9Twenty-two empirical distributions of change measures from the 1969-70 and
1972-73 science assessments were:used to generate- Monte Carlo simulations of
sampling distributions ‘for several measures of central location. In addition
to the mean and median, other measures of central, location that were considered
in the simulation studies included the average of the extremes, two forms of
biweighted estimates and three forms of-weight-matching estimators described
by John W. Tukey in-the research report, "Some Considerations on Locators
Apt for Some Squeezed-Tail (and Stretched-Taii) Parents" (paper prepared in o

~connection with research at Princeton University. supported by the Army ‘Research

.- Office, summer 1975). In almost every case, the sampling stability of the
mean change-was. as. good as or better.than that of the other measures studied.

:7:
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. In the analysis of National Assessment's achievement measures, notice that
the differences in performance among assessment years, among groups ‘and among
ages are most -useful. By maintaining the same item or set of items .in making
‘these compavisons, we have a reasonable indicator of whether more or fewer
people know or can do something Jjudged important. o

- Estimating Variability in Achievement Measures
. National Assessment uses a national probability sample’at each age level

to estimate the proportion of people who would successfully complete an exer-
cise. The particular sample selected is one of a large number of all possible
samples of the same size that could have been selected with the same sample de-
.- sign.  Since an achievement measure computed from each of the possible -samples
_would differ from one sample to another, the standard error of this statistic
is used as a measure of the sampling variability among-achievement measures
from all possible samples. A standard error, based on one particular sample,
serves to estimate that sampling variability.

{4

. In the interest of sampling and cost efficiencies, National Assessment
- uses a complex, stratified,-multistage°probabi]itx sample design. Typically,
complex designs do not provide for unbiased or simple computation of sampling
errors. A reasonably good approximation of standard-error estimates of ac-
ceptable response percentages is obtained by applying the jackknife procedurel!?®
to first-stage sampling units within strata. Standard errors for achievement
measures such as group differences, mean percentages or mean group differences
for ‘a particular assessment year are estimated directly, taking advantage of
: (features of the jackknife procedure that are generic to all of these statis-
Rtics.!! since samples for different’assessments are independent, the standard
errors of the differences in achievement measures between assessments can be
estimated simply by the 'square root of the sum of squared standard errors from
~each of the assessments. . B ‘ _

The standard error provides an estimate of sampling reliability for the
achievement measures used by National Assessment. It is comprised of sampling
-errer and other random error associated'with the assessment of a specific item

- or set of items. Random error includes all possible_nonsystematic error _
associated with administering ‘specific exercises to specific students in spe-

-

10R.G. Miller Jr. "A Trustworthy Jackknife," Annals of Mathematical Statistics,
No. 35 (1964), pp. 1594-1705; R.G. -Miller Jr., "Jackknifing Variances," Annals
of Mathematical Statistics,.No. 39 (1968), pp. 567-82; F. Mosteller and J.W.

- Tukey, "Data Analysis IncTuding Statistics," in Handbook of Social Psychology’

' {ggg)ed,), eds. E. Aronson and G. Lindzey (Reading, Mass: Addison-WesTey,
G o S o : .

_?3See Appendix A for a more detailed description of National Assessment's com-
putation of standard errors. : : S

1
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cific situations.. Random differences z:0ng scorers for open-ended items are
also included in the standard errois. ' : - '
o In this -report, we designate with an asterisk -item differences or mean
- differences that are at least twice as large as their standard errors. By so
designating these differences, we are adopting the usual convention.that’ dif-
" ferences this large would occur by chance in fewer than 5% of all possible
replications of our sampling and data collection procedures: '

’

Control1ing Nonrandom Errors

Systematic errors can be "introduced at any stage of an assessment -- exer-

cise development, preparation of exercise bocklets, design of administration
procedures, field administration, scoring or analysis. These nonsampling, .

‘nonrandom errors rarely can be quantified, nor can the magnitude of the bias
they introduce into our estimates be evaluated directly. :

, Systematic errvors can be controlled in large -part by employing uniform
_administration and scoring procedures and by requiring rigorous quality con-
trol in all phases of an assessment. If the systematic errors are the -same .
from age to age or group to group, then the'differénces in percentages or mean
percentages are measured with reduced bias because subtraction tends to cancel
~ the effect’of the systematic errors.
. Similarly, the effect of Systematic errors in different assessment years-
can be controlled by carefully replicating in the second asséssment the pro-
cedures carried out in the first. Differences in achievement across assessment
- yeéars will ‘also be measures with reduced bias since subtractjon will again tend
. . .

! to cancel systematic errors.:

However, it.is not possible for every conditioif or procedure to remain the
. same between assessments conducted several years apart. Improvements in field
procedures and sample ‘design have been made, school cooperation rdtes have im-
proved stightly since the early assessments, packaging of. exercises was not
identical in each assessment, and shifts in the composition of categories of
respondents have occurred over the years,!? .

.k R

L

-12Appenaix'C-examines some of these'changeS'and discusses the possible effects

of ‘these systematic errors on the results in this report. o _ E

;. 9//0_ .
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o CHAPTER 2
LT .- NATIONAL RESULTS

.. This chapter .presents national data on changes in science performance for
9-, 13« and 17-year-elds. Results are summarized for all exercises used to
measure change. from 1969-70 to 1972-73 and from 1972-73 to 1976-77. "They are
also ‘summarized by the 1972-73 objectives and type of scienceé, as well as- the
sets of exercises common to all. three assessments. ' -

—- Discussign of results is minimized since National Assessment has published -
a major descriptive report based on these data.! This chapter contains the re-
sults presented in that report, plus supplementary information. '

.Rgsults'for'QeYeartolds

Table 2-1 contains the .number of exercises, means and standard errors for
~._each set of change exercises, Between 1970 and 1973, science achievement of

- 9-year-olds declined on-most of the summary measures. The decline was not

. significant for biology:or unclassified exercises, and the five exercises

- dealing with the objective of appreciation showed a.significant increase.

+ There was no overall change between 1973 and 1977. Achievement on physical
science ‘exercises declined-significantly, but. it increased significantly .on
unclassified exercises while achievement onbiology exercises increased by

- almost two standard errors.-. The three.appreciation exercises showed a signifi-
cant increase in the percentage of correct responses.

Results for.13-Year-0lds

. Table 2-2 contains the number -of exercises and summary results for each
~set of change-exercises. Résults for- 13-year-olds from 1969-72 were similar
to those for 9-year-olds during the $ame time period. There was-a significant
.- overall decline in achievement: The decline on biology exercises-was not sig-
nificant, and performance on the unclassified science exercises. showed no
change, while there was:a significant increase onthe two exercises dealing - -
‘with the appreciation objective. Between 1972 and 1976 there was no overall -

”

1Three National Assessments of Scierce: Changes in Achievement, 1969-77,
_ . .Report 08-S-00 (Denver, Colo.: - Education Commission of the States, National
. Assessment ‘of Educational Progress, 1978). ' . L =




4

TABLE.2-1.  Mean Percentages of Correct Responses in Three Asséséments‘and Changes iﬁ -
Percentages for A]l_Exerqises and Se]ected_Exercjge-C]assifichtions, Age 9 Lo

. Mean } lorrect S - Meand Correct
- Mumber of 1970 1973 ~Change  Number of 1973 1977 . Change
Erercises ‘ Exercises™ T
Meedses . © 60 s g SO RI R -
Standard error - | (.4) (4 (6) T 1) R W Y
Type of science = SR v
“Biology . - S0 NG e -0 w58 02 1
 Standard errgr ' (4) (.4) (6 ('4). (.6) (.7)
Physical science LR 8T %2 s gl 0.5 6.0 1.3t
Standard error ~ (.4) | (s (6 - -~ - (4) (4) ()
Unclassifiel 15 8 s . 5663 6.0 2.8¢
~Standard error : (.5) (.6) (.8) (.7) (.8) (L.1)
1972-13 objective | S S L
Know AR 66.3 64.5 - -1,9% : R M8 %2 -6
~Standard error o (3 e () (.5) (.6)  (.7)
‘Understand and apply S 55.0 540 «L.0%, .36 aq.7 4.8 - .2
 Standard eror . O 1 ) 1) I Y I () () (8)
Becice 5 Mg oMo as 1 mo omg g
Standard error ) () L) )9 (L)
ercises used inall . R
three assessments ~ . 3 4.8 6.7 -lZ%. B 67 69 -8
tandard errof | (4) (.4) (. : o -

Denotes differehces -gre'ater" than or equal to two_ standard errors,

ote: 'Compﬁtatioﬁs were performed pnibr to rounding to one decinal place,
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TABLE 2-2 Mean Percentages of Correct Responses in Three Assessments and Changes in
Percentages for A1 Exercises.and Se]ected Exercise Classifications, Age 13

| )
- _Mean 3 Correct : | “Mean & Connect o
MNumber of 1969 1972 Change *  Number of 1972 1976 Change
| | Exercises - Dxercises o
Mleeciss 8 02 85 0 B Bs 5 .
Standard errors B (.8 (5 (.6) ' (8 (8 (.8)
nTYpe of science o - o - | .
Blology I < S O T R R N S
Standard error , o - (.8) Q.S) 1) (.4) (.5) (1)
d 'Phys1ca1 sciece % BT LTl a7 504 0.6 - 8
Standard error | S 10 A ) R 0 ) R e () ()
'_'-Unc]assaﬁed BT B T 5 g B o6
© Standard error o (8 (e (.8 o (.9)// (1.0) (1.3)
19713 dbjective . R
- Know o 3T 600 585 -l6x 38 56.5 55.4 -1.1
. Standard error | (.3 (.5), (.6) | ) (5 L)
Cdstdmdaly 8 9.9 5.6 226 @4 Ry ..
glatandard error - _ N W I - o (4) (9 ()
Cmpeiste 2 g0 @8 spr B
- Standard error N £/ B 1) B (R R
?ExenC1ses used in a1l } :. | | : B .
. three assessments B 633 6L 1.9¢ 23 - 614 59.7 .17
Standard error -~~~ e (.4) (.5) - (.6) 8 (5 ()

*Denotes dszerences greater than or equal to o standard errors

aNote Computatwns vere performed pmor to roundmg to one decamaZ place

!
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change, .although ‘performance on five unclassified science exercises declined,
as it did on the exercises carried over from the 1969 assessment. ’

Results for 17-Year-0lds
Table 2-3 'contains summary results for 17-year-olds on each set of change
exercises. Average achievement on all exercises declined between 1969 and -
1973.. These results are reflected in the other summaries for that time period:
all three types of sCience, the two- objectives for which exercises were avail-
able and the exercises common to all three assessments. Results. between 1973

~and 1977 were similar to those.of the earlier time period.- Achievement de-

clined on all classifications of exercises, but declines were not sighificant
for biology, the six uUnclassified Science exercises or the two exercises mea-

- suring .the appreciation objective.

. Summary
Average science achievement of 9-, 13- and 17-year-olds declined between
1969-70 and 1972-73 on: the cverall summaries and most subclassifications.
That .trend .continued for 17-year-olds but not for 9- and 13-year-olds between
- 1972-73 and 1976-77. "Achievement on biology exercises appears to have stabil-
ized, while the decline in achievement on physical science exercises might be

" slowing for 9- and 13-year-olds. A larger, more comprehensive set of science

<

exercises will bevava11ab1e for measuring changes in performance between 1976-
77 and the next assessMent. Thus, data from the larger, fourth assessment,
- combined with results from the first three, might clarify trends.

e € : : »

’a,:’_
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| TABLE 2-3.-'Méah'Percentages of'Cofrect,Responses in Three Assessments and Changes in
- Percentages for ATl Exercises and Selected Fxercise Classifications, Age 17

. Meah 4 Correct S Mean % Correct |
- Number of 1969 1973 Chamge Number of 1973 1977- Change
| ~ Bxercises. S ~ Exercises -

A exercises 6 152 4.5 -2.8¢ S0 184 465 Lo+
Standard error L, (.3) (.3) {.5) - () (4) ()
Type of science . . T S O
~..Biology - 200 B3 5Ll <12 9

- Standard error L - ‘(.4) (.4) (.6) - -
CPysicl sciece % 0.0 9.3 98 45

Standard error ~ - (.4) ;“(;4) (.,5) ’

Clclassified 5 ag ;1 g g |
. Standard error- R (.6) (.6) (.8) RS

972-13 cbjectives -~ |

~ Know 7, X499 4.0 2.9 73
G; Standard error B ) I ) I %) | o

::'Understand and apply 0 B 40.0 3.3 2.7 - ‘.37 -

& Standard error. - (.4) - (.4) (.6 ‘

Mppreciate o 0 e e e

- Standard €rror . B L o

Ekerti;es used in all oL e o

~“three assessments 3 4.6 423 23 @

Standard error . o LA () ()

?Deﬁoteéldifférehceé'greater ?k&n or equal to tuo standard errors.

Nbie: C@Mputatians'were performed prior to roundiné to one decimal place,
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| CHAPTER 3 |
GROUP RESULTS FOR 9-, 13- AND 17-YEAR-OLDS

~ This chapter-contains definitions of National Assessment reporting groups
and summary -results for- the full sets of exercises used to measure change from
1969-70 to 1972-73 and from 1972-73 to 1976-77. Respondents were classified.
.by their sex; race, region, highest level of parental education; type of com-
muriity, size of community. and grade levels. Estimated proportions for each
subpopulation are listed in Appendix C.. S ' o

- Definitions .of Reporting Groups

, The definitions of ‘the categories used in this report for 9- 13- and 17-
- year-olds are given be]ow o

f'Sex

- Resolts are presented for haies and females.:
. Race- -
"Results are presented for blacks and whites.
| Region g

The.coontry has been divided into four regions:"Northeast,"50utheast;
Central and West. - States included in each region are shown on the following
"page (see map). : y - - -

Level .of Parental Education -

. Three categories.of: parentai4education levels "are defined by National
Assessment, based on students' reports about them. These categories are:
those whose _parents did not graduate from high schoo] those ‘who have at least .
one parent who graduated -from high. school; and those who have at 1ea°t one
parent who has had some post high school education :

2

1The -form of the paréntal-education question was changed slight]y after the
1969-70 assessment Details. are giVen in Appendix C

17
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Grade Léve]

. Results are categorized for 9-year-olds ‘in the' 3rd q; 4th grade, 13-year- -
-.0lds in the 7th or 8th grade and 17-year-olds -in the 10th,. 11th or 12th grade.

) Size of Community -

. Big city. * Students in this group attend schools within the city Timits
of cities having a 1970 census population over 200,000." o oo
_ Frfnges’arouhd big:éitfés.: Stuﬂen£s,in ;his‘ggbup attehd-schoo1s'within
metropolitan areas (1970 U.S. Bureau of ‘the-Census urbanized areas) served by
cities_having a population greater than 200,000 but outside the city 1imits.

i Medium city. Students in this group attend schools in cities having a y

- population between 25,000 and 200,000, .not classified in the fringes-around- . -

- big-cities category. ' N s T : ‘

N -Smaller places. Students in this group attend schools in communities

. having a population less.than 25,000, not classified in the fringes-around-
big-cities ‘category. R : ' - o

Type of Community
CommUnities:in'this pategory'are defined by;an occupational profile of the .

¢
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area served by a school as well a@s by thé size of&the;community 4n-which the
school is located. S o A : '

Advantéged-urjban ‘(hi'gh—‘metQBOT itap) comMUNitio.  Students .. ¢pis group
attend schools iin or around citieS Wity  poPd’'3tigngreate” thap 500,000 Whepg

a high proportion of the residents arg .ip prof€Ssigp,] or MNager;, positions

:DisadVézhteiged-’urbari (1ow-metropoy jtan "Communities, Studeny in- this
group attend schools in or around citigs with @ POpyTation 9% 8ate, than 200,009
-~where a high proportion of the '"‘?STdentscat;e On.welfape 0r 3r8 noy requ]arly

employed. o L . T

Extreme-rural communities. Students in this E]Y‘oup attend SChooTS.i" areag
~with a population under 10,000 where mqgt of the:-ragidents are Tayrgers 0" farm
workers. : R STEET S

The distinction between croSs-Sectjgnal and ]ong‘it‘udi".a] Suryey résearch.
- designs is especially -important t0 Notg in:0rder tq j,terpre Chapges in re-
* sults for groups of respondents- Natigna] ASS€SSmenyt does MOt report changes
for the same individuals; rathers 1t repgrts changag oy the: Same types 07 °
'groups.of respondents, such as those 1jying in the g, rpeast Or ¢poco attend.
~ing schools in rural areas.” ThuS> @ groyp of YeSPGFHgents iN ONe 5 gessment .
_might ‘have-a composition of pebpl® difgepent From thq same 9roup - g rined in

the same way in another assesspent.:

.. The longer the time between aSSesgpentss the mgp.e these droype pight dif-
fer. The Southeast, for example> Might pecom® MOre. |, panized.or its racial °
composition might change because Of Migpation D€twagp regioNS< Thy extreme-
rural respondents in any given year are defined as the 10% .10 Oup ipple atteng,
ing the most rural schools; schools c]assifiedf‘: as ext.reme'rur‘a]‘ éne' y'eat” might:
not be the'most rural in-the next a8SSeggpent PeCAusg of population cpjftss con.
solidation of schools, .and.so on- Evepy atteMPl hag peen made to | o
-category definitions constant; however ~ .o knoW Some changes M the compositiop
of these: categories occurred between 1g9gg-70 aMd 197¢777.% R

‘a reporting group in the same maNMer as describ@d prgyiously for gy pational

g . . ' -

~ . Group results are computed by éstim’a"ting'the mean:pe'"‘centage'correct'f'OY“ -

- 2U.S. Bureau of the Census, "MobiTity of the POPUlation of the Unjinq States: -

- “March 1970 to March 1973, Current Popuy ation Rebort, series P~2q S, 262
(Washington, D.C.: - U.S. GovernmeNt Pripiing 0FFice ~{g74)5 U-S. gi gau of the
-Census, "Geographic Mobility: March 1gys to March 1977," Current pon 1ation
Reports, Series P-20, No. 32 (WaShT_ngto‘n, D.C-: Ulg_ government™pi=riing

‘OFfice, 1978); National Center for Edupgiion StAtistsee. The Congstint of Educg.
tion, 1977 (Washington, D.C.:" U:S. Goyeprpment P"int}g;’offices 1;;;0? S ’
_.' ) - _-. N . - ‘ A ‘l . - ..
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Mean pepcentage COrrect. The national'mean'isAthen subtracted from the group .
~Méan to. gptain the group's difference from the national percentage .correct. |
. For'examp]e,.the mean percentage of correct responses for_Northeastern~17-year-

- olds tn 1977 was 46.5. Subtracting the national mean from the Northeastern
Méan yje1ds a Northeastern 17-year-old _relative performance advantage of 2.3
Percentége p?]ntS: ‘ &?’ . B S

. Differences in group:percentage (relative performance) and Changes in

those differences from 1969-70 to 1972-73 and from 1972-73 to 1976-77 for the
full exercise-set5-are-contained—in Tables 3-1 through 3-3 for ages 9, 13 and
1 > ‘respectively- . . e T s |
. " In this report, we have chosen to emphasize changes in relative perform-
ance for geveral reasons. Most reporting groups changed very.little in rela-
tive-position over the course of the three assessments. That is, whatever the
‘.:.Jnitia]_advantage~orgdigadvantage of a-reporting group, the average pergentage |
. of Correct responses changed at about the same rate as -the nation for e§§R  ge.
PoPulation. The Mean difference from the nation, since it removes the overall
Nationay trend, makes it easier to detect those reporting groups, such as ex-
treme pypay, that have ‘undergone major shifts in position relative to. the
- Mation, -Those differences were highly stable over the three asseSsments, as
depicted jn Figures 3-1 and .3-2. Co T Ness. 8

ot

- Figure 3-1 shows the-range of ‘group differences from the nation at each = |

age for°sex, race, region and level of parental education. Figure 3-2 shows

the same jnformation for type of community, size of community ‘and grade in

'SCchool,” fFop each age and reporting group, the dot-is the weighted average of

Mean group differences from 1969-77, while a line is drawn between the most

eXtreme mean group differences. When a consistent trend exists across the
- change meagyres, ah arrowhead has been placed on.the line to indicate the .

Qirection,of_change; . .

Across ‘the three assessments:

. 'Maiés'maintéinéd their advantage over females, and the gap increased
with.-age from about 2 percentage points at age.9 tO~abOHt 6 percent-
age points at age 17. . . R | L

.""Performénce of white students. was consistently higher than that of
black students. pifferences in performance ranged from 12 tg 18 pojnts

" for the three age groups. "

*  Performanc€ of students in.the Northeast was consistently high while
performance~in-the Southeast was consistently .low, ranging from about
‘4 percentage points below the nation at age 9 to apout 2 pPercentage
.~ - points below at age 17. In the Central region, performance. was con-
' sistently above the nation, while students- in the West perfOrmed at or -
below the nation. AR : S R
* - Level of parental-education was .consistently Fe]ated'to_achievement.
© Students reporting that neither parent graduated from high schog1
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-TABLE 3-1. Reportmg-Group Mean D1fferences in Percentage Correct From the
Nat1on for 19705 1973 ard 1977; Change in Mean Differences From 1970 to 1973
‘and From 1973 to'1977; and Standard Errors for-the Total

Change Exerc1se Sets at Age 9(

AN

'\\\’\,\
X 2 . - - ~. N
: . , Mean .Differences : . Mean Differences
P : . on 92 Exercises . - . _on 71 Exercises .
A T 1970 - 1973 Change From, ° 1973 7 1977 Change From
- Sex ’ - o - J - o
Male . ' 1.1* © 1.0r .01 - 1.3* 1.3 0.0
Standard error - (.2) (.2) . (.2) (.2) A{.2) (.2).
Female . . -1.1*  -1.0% 0.1 -1.3%  .1.4% 0.0+
Standard erfor . - (.2) (.1) (.2) (.2) (.2) (.2)
Race - - : . . -
White - 3.0* 3.0* 0.0 . 2.7 2.4% -0.3
Standard error . R (.2) (.3) (.4) (.2) ° - (.3) - (.4)
Black . ' i -14.2*, -13.6* 0.5 . -12,5% -12.8* ~0.3
Standard .ecror’ . - 7)Y L (Le) (%9) (.6) (.7) "(.9)
Regwn o . . ' . }
Northeast . ) 2.6 1.8 . .0.8 1.3* 2.1* - 0.8
e . Standard .error. ) (.50 (.6). - (.8) - (.6) (.6) . (.9)
Southeast® . . - -5.8x -4 3* 1.5 ~3.8% 4.2 <« -0.4
Standard error T (.7) (.9) {1.1) (.8)- (.9 - (1.1)
: : Central . 1.7% . 1.6*. -0.1 1.6* 1.1 ~0.5 -
D - Standard error (.6) (.8) - (1.0) (.7) (.8) (1.1)
‘ West ‘ S 0.4 0.3 - -0.1 - 0.4° . 0.4 0.0
s Standard error. : 47 (.8) o (1.0) . ) (_.7);{_. (.7) (1.0)
Parental education B o o ‘ : S .
Not graduated high School ; . =6.9% ~ -5.2% 1.8% -5.2% - -p 4% -1.2
. -~ Standard érror ~ 7 (.8) (.5) (.8) - (.5) (.6) - (.8)
- ©.Graduated high school =~ - - 0.5 0.7* . 0.2 G.7% "~ 1.1% 0.4-
S Standard error . () (.3) - (.5) (.3) (.3) (.4)
. "+ Post high school . 5.9% 5.4% -0.5 5.2 4.5% -0.7
Standard error (.3) (.2). (.4) (.3)" . (.3) (.4)"
Type of community - .o LT .
Extreme rural -3.7* -2.6% . 1.0 - =22 0.7 2.9%
. Standard error_ - _ (1.3) (1.0) (1.6) . o9 1) (1.4)
' . Low metro . : ) - .. =152 -13.4% .- 1.8 : -12.0* - -11.2* 0.8
.Standard error -.. -. " (1.1) - (.8) (1.4) : o7 0 (1.3) . (1.5)
High,metro’. L o8.x 6.6% -1.57 5.7 7.3 1.6
‘Standard error o < (7 {.8) (1. 1) (.9) (.8) (1.2)
S1ze of conmumty '
Big city. : o oo -3.6%.  -3,5% 0.1 t-3.6%  -4.6% -1.0
Standard error (.7) (.8) (1.0) (.7) (1.0) (1.2)
“Fringes ‘around big’ Cities - 4.1* 2.8* ~=1.3 ‘ L 2.5% 4,2*% 1.7
- Standard error Lo (.7) (.7) (1.0 (.7) (.6) -~ (.9)
© Medium city - - 1.2* 1.3 0.2 2.5% -0.7 -3.2%
Standard error A S (.6).. (L.1) . (1.3) (.9) (1.9) (1.6)
Smaller places L -0.1. .- 0.0 " 0.1 -0.1 L 0.1
: . Standard-error - . - (.4) (.5) (.6) (.5) (.5) (.7)
N Grade in school . - - s : o . S ' )
3 o DT S9.0r -Bugr 36 coee76% 0% T 7
Standard error-- " - o) (.8) (.5) N OV Y R VS (.86)
- 4 2 3.4 2.7% . 2.a% 2.3% - .2
Standard error o . 2) .2y - (. 2) (:2) - (.2) (.2)

*Denotes dtffef'e"ces or changes in differences gregter than or equal ‘to two standard . érrors.
4 ALl computamons vere performed pmor to rounding . to one decmaZ pZace )
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TABLE 32

Up Mean DTfferences in Percentage Correct From the

o orting=Grg
Ref® 1972 ay

at1°" foh
N 1969rom 1972 g 1976; Change in Mean Differences From 1969 to 1972
F v O 1976; and Standard Errors for the Tota]
e‘hge Exercise Sets at Age 13 . S
Mean D1 fferences Mean Differences
-on 67 Exercises on. 75 Exercises
1969 ~ 1972 Change From 1972 1576 . Change Fronm
e 1969-72 - 1972-76
x - o
eMaled 2 gx - ' o
standarg 2.0% . 0.1 1.8% 23w 0.5+
. Female Srwg, (2) - (:2) (.3) (-2) (.2 (:2)
g standard -1.9% -2.1* -0.2. - -1.8*% -2, 2% -0.4*
or: 2y (2 “(.3) (.2 (.2 (-2)
¢ Race . : . ) R
. Nh“g . - ) .
standarg i 3.1x 3.3 0.3 - 2.7% 2.6+ -0.1 |
lack -~ Sreg, (3. (3 (.8) (-3) (13 (.4)
Staﬂdar‘d Q.h. -15.2* -16'.6*‘ 1.4 -13.4*%  -11.g% ‘1.6
fon - Yo ). 8) (.8) (8 (L) (L)
R aortheast - :
standarg S2.1% 2.0* -0.1 1.5* 2.1% 0.6 -
southeasy tig . (.6) (-8) _ (1.0 (.6) (.7) (1.0)
tandard . .g.gx  -3.2* %.2 “2.7*  -2.7% 0.0
central X (e . (-8) (1.2) (.7) . (.6) (.9)
- gtandard - 2.2 1.8* ~0.4 1.5 1.6+ 0.1
st r () L8 (1.0) L () (1.0
standard . .02  -0.8 -0.5 -0.4 -1.4% -1.1
a1 r (:6)  (.8) (1.0) 7 (7 (1.0)°
P en !=_'duQ . ] - - ) -
Not Sraduy tion  ;chool ‘ : : ’ =
tandard o ‘8q pi “ _7.q%  =T.1* .'0.4 -5.9%  _g.ow -0.3
: gradidted.yrop” o1 (5) (5 () (.5) . (.6) s+ - (T)
standard eh]sh sch _1.3+ =-0.3 1.1% 0.2 -0.6* -0.5
. post high’rq, €3 - (3) (.4) - (.3) (.3) . (.4)
o .Standdr‘d e Qh o] ) 6.0% 6.3* 0.3 - 5.2* 4.9%" '_'.0'2
o ; or . (3 (3 (.4) (2) (.2 (.3) -
‘ Tyﬂe 0 Comnu . ) . - . " t, ..~ . i i
Extreme iy ny ty : - )
Qandard &y e1 -4.3% -2.0 2.3 -1.9 -0.4" 1.6
' Low" Metro "Qr (1.2). (1.2) (1.7) (1.1) (.9) (1.4)
S . - standard o B <11.9¢ -L3I* 12 -10.7* -11.6* = -0.8
FT High Fetrg "or o 1) (1.32- (1.7) (1.2)  (1.4) - (1.8)
Staﬂdard eh K 6.4% * 6.8 0.4 5.4% 5.6% 0.1
, £ Oy ey () (1.0) oo (8 () (.8)
gize "o Comy,, - _ : - N < _
819 C"lt\y h~. ty r o S X
-5£andns g, <3500 =3.8% 0.3 I LR 2 0.1
Fringes a Lﬂa, o ities ey G9) (1.2) (.8)  (1.0). (1.3)
Staﬂdard ep Ny pid ~3F 2.0 ~1.1 ~1.5% ¢ Z.5% 1.0
-Medigf“ City™oy ", (.6) . (.6) (.9). (.6 (Lo0)  (L.2)
- standard gy 08 0.3 -0.5 1010 =001 -0.2
gmaller Pla"r‘ . (1.0) (1.2) (1.6) “(11) - (1.0) (1.5)
. standdrd eleg 0.0 . 0.1 0.7 - 10,6 0.2 ¢ . -0.4.
"o ‘ (.5) (.4 {.7) ) (.4) (.6)
Grade in schog S e . A :
7 : : o :
standard gy 7. -1.2% -1 Tl.5.6%  -6.0% - .40
8 "ok () - L8) (7). Oy e
" standard . 3.3 32 - C2.5% T 24w
. ‘ R N €2 IR O ) B .2k (.2) (.2)
: ‘De”gtes dsz C e ahangea in

o 9z #
411 6'0”'?“&2 em;ga erfOnned szepences grea er than or equal to two atandard errors.
‘r blo)za p phlo_r, to 1"014” mg tO one decullaz pZace_,’

l
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TABLE 3-3. 'Reporting.group Mean DiffereNces i, percentage Ofrg ; From thy

Nat1on for 1969, 1973 apd 19775 Changes in Meéan pifferences FTOIn to 1973
“and From 1973 to 19773 and Standard Errors_for the ‘0ty;
Change Exercise Sets at Age 7 -

o . - " Mean. jifferences ‘ : Hean Dy ¢ ces -

L “oh g percises 10 Racreises, prom

v ' ' 1969 T 1973 Chfl'gge From 1973 M;ﬂ .

Sex | ' » T 3 3
Male . : 3.0% 2.8* =0.2. 3,5% ( 33 "0'6)

" Standard error (-2) (.2) (.3) (8 3 {55
Female . -2,9* -2.7* - 0.2, -3.3%. (-2‘ 0.35
Standard error : - (.2) (.2) (.3) (.2) ) (-

Race 2 0
White C1.6* 1.9* 0.3 2.2*% ( 0'3)
Standard error. ' (.2) - (.2)° (.3) (.2) _.13°2) {3
Black . T . -11.1% 0 _q0.4* 0.7 ~12.6* (Sx 02y
Standard error (.7) (.4) (.8) - (.5) ) (-

. Region - o 2 .3

_.. Northeast 1.9* 1.6* 0.2 1.0 ('3‘* 10
Standard error - ° {.6) - (.5) . (,3) (.6) _2'8) (1'1
Southeast . -3,2* J1.6% l.g -2.1* (-2\ .0-0) .
Standard error - (.6) (.6) (.9) (.7) 1'7) (1'2

", Central : 0.3 0.6 - 0.3 1.0 ('37* - 0'9)'
Standard error (.5) (.6) (.8) (.6) _ljs)' .(-'6 _
West - 0.2.  .11* =13 -0.4 . ('0 =00y
Standard error (.5) (.6) (.8) (-6) ') (1-

Parental education o ' ’ . TN 3
Not graduated-high SChoo] ' -5.7* ~6.3* -0.¢° . =6.6%" ('9‘* -0-6)
-Standard errot o (.8) (.4) (.6) - (4 .39 (-3

" Graduated .high: school IS 0 SRR Bt ~0.3 ©o17* ('0‘* -0
‘Standard errgr - (.3) (.3)" (.ay - (.3) a'2) ' ('2
Post high school 4.2 4. 2% 0.9 4.7+ (oS -0-%)
Standard error (.2) (. 2) - (.3) (.2) ) («

- Type of: community . S -0

. Extreme rural Y . -2.9* ~1.4* 1.g ’ " -0.8 ?‘3 0-2)
‘Standard error . (1.0)- = (.8) -(1.3)A -{.8) -._10'9) (1'1 -

" Low.metro . ' : S5, 0% 0 L3k =230 -8.1* - '(1'1‘* .2-6)

' Standard error - ' (1.1) " (1) . sy S0 Y s
High hetro = . ' SRR T3 S B C B O _ .7% (i ¥x ‘O'g)
.Standard error ‘ ) 2 e (g S (.8) ) Y) (1

" size of co:rmumty SR o . Yo g
Big city ' -1.8%  _3.3% -l.5 -3.6% - iy ‘0'2)
Standard error -~ (.8) (.8 (1_.2) (1.0) 2'0) (1
.Fringes around b1g c1t1es oo 13 0.8 - 1.1 ('5"c 1-4)

: Standard error LD (g gy (.8 . 4

* Medium city 0.7  -0.1 -0, 201 (0% 0-3)
Standard error B - (.8), (.8) (1,2) (.8) 0-4) (1-6

- Smatler places . ) < .0.5 0.5 1.0 -0.8* ('4 —0-2)
‘Standard error , (.4) (.4) (.6) -~ (.4) Sy - (:

~ Grade in school ’ . . . I . :

Y10 - B RIS - .1 -=7.8% Z'a” 0"0)

. Standard error B (e) (.5 (.5) 19 {.
11 S5 S U6 C PRI . rzx % 0.0y -
Standard error (.1) (.1) - (L2) -(.2) 2'1) C (2

12 : 3.1* 2 6k -2 R L i 0-6‘)
standard error 4 () (.5)_ (.4) 14) (.6

: *De’wt"" d“ff arences 0¥ ch‘mgea in differences gpeater than s, eq uaZ to wo Bt@dﬂfd eb"Qh ‘
-t AZZ computatww were pez-fomgd pmar to rounamg to one dec Z place- L e
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¢ . FIGURE 3-2, 'Type-of-Gommunity, Size-of-Community and Grade-in-School
Reporting-GI:‘OUP.Mean Differences in Percentage Correct From
the Nat19n in Three" Assessments, Ages 9, 13 and 17
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consistent]] achieved-5 to 7 percentage ‘points below the nation, while
. those reporting at least one parent with post high school education
scored 4 to 6 points above the nation.’ .

* ‘Students in disadvantaged-urban (low-metro) communities performed 5 to
15 percentage points below the'nation, and 17-year-olds’ performance -
~ was generally closer to the nation than the other ages. Students from
advantaged-urban (high-metro) communities performed about 4 to 8 points
~above the nation; '17-year-olds,:.again,. were closest to the nation.
Students in .extreme-rural-areas moved from well below the nation in
- 1969-70 to the.national level in 1976-77. :

'~ « Students in big cities consistently performed below the nation, while
c students. in fringes around big cities performed above the nation. Per-
formance. of students in medium cities and -smaller-places tended to be
" at or near the national level, although the performance. of 9-year-olds

in medium cities was somewhat erratic. ' -

+  Students one grade below the modal grades for tlieir age (grades 3, 7
_and 10) consistently performed 5 to 9 percentage points below the
nation,” while those in the modal grades {grades 4, 8 and 11) performed
-2 to 3 points above at ages 9 and 13. Seventeen-year-olds in the 11lth
grade were about 1 .point and 12th graders 2 to 3-points above the
“nation. S o :

The highly consistent performancé patterns shown. in Tables 3-1 to 3-3 and
‘Figures 3-1 and 3-2 and the general lack of change in:performance relative: to
the nation occurred through all of.the science summaries. For that reason,
group results for type of science, 1972-73 objectives ‘and the exercises used
in all three assessments have not been reprodiced in this report. - - ’

26




CHAPTER 4
THE. ADULT SCIENCE ASSESSMENTS

- 'The Science assessments of young adults, ages 26-35, were similar in many
respects to those of 9-, 13- and 17-year-olds. Conceptually, National Assess-
-ment extended its coverage of the American population at three stages of educa-
tion (late primary, middie school and high-school) to an age group where most

“ members had completed their formal schooling. The same objectives were used, -
and the exercises, while originally written for 13- or 17-year-olds, were also
appropriate for young adults. Nationally representative probability samples
of all age groups were dssessed. A school sample was used for the ,three
school-age populations, while‘a household sample was used for young adults.

. Details of sampling and data collection for the two types of surveys are suf--

- ficiently different to merit a separate discussion of the young adult assess-
ments. ' ' . - ‘ v -

’ The 1969 Assessment of Young Adults

In the summer of 1969, young adults born between July 1933 and June 1943
were assessed using\the same primary sampling units (PSUs) used for the in-
school.17-year-old assessment.! It was the first large-scale attempt to col- -
lect achievement data in a household survey, and respondents were not paid to
participate in the assessment.- Seventy-seven percent of the sample households
were successfully screened to see if any age-eligible persons lived there,
while only 57% of. the age eligibles who were located agreed to participate,

.. yielding a 44% response rate. Achievement data were reported for young adults

- in science, citizenship and writing. However, response rates.in the 1972-73

and '1977 young adult assessments were so much-higher.that changes in achieve-
ment from the 1969 adult assessment have not been reported. The remainder of
‘this chapter:is devoted to -the second and third adult science assessments.

" The 1972-73 and 1977 Assessment§ of Young Adults

" The second and third adult science assessménts were similar in large part.
Their common features are described first, followed by brief summaries of

The 1969-70 assessment- is .described briefly in Appendix A and more fully in
1969~1970 Science: National Results and Illustrations of Group Comparisons,
Report 1, -1969-70 Assessment (Denver, Colo.: Education Commission of the States,
National Assessment of Educational Progress, 1970).
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., unique features andisummaries‘of changes in young adults’ achievement between
+ 1972-73 and 1977. ; . e .

- Both a§ses§men£s Were'conducted by experienced houéeho]d-survey staffs.
Great emphasis was placed on training, supervision and verification of field

. work. Age-eligibie adults were paid $5 per package for up to four packages- of -
- assessment exercises. As a result, nearly all sample "households were success-_
fully screened to locate age-eligible adults, and 79 to 84% of eligibles par-

~ ticipated in the two assessments.

v'Sahple Design

Deeply-stratifiieds multistage probability sample designs ‘were used in both
assessments. - Stratification variables included geographic region as well as
measures .of community 512e, and urban-rural .and socioeccnomic<status variables.?

~ Primary.sampling -units Were made up of counties or groups of contiguous counties
_With 1970 census populations of at .least 20,000 persons. In states that have
" no county definition (such as. Alaska and some New England states), PSUs were
defined from comparable Census or political units. Table 4-1 contains the

number of PSUs in each assessment.

Within each sample PSU, smaller secondary or tertiary units, or-segments,
- were defined and sampled. Segments are small, well-identified Tand areas con-
taining an average of 1§ housing units in 1972-73 and 26 housing units in
1977.% They can range in size from one side of one block in a large city to
most of a county in a rural area (number of segments used is shown in Table
4-1). Within each samp]§ segment, all chousing units were listed. A samEle
(sometimes. 100%) - of houSing units was then screened for eligible adults.

. ' . :

i
b

*The designs for 1972-73'and 1977 differed somewhat in the ways - these variables
were defined and the samPling stage at which stratification was introduced. .
In 1977, recent screening data allowed stratification of the household by race..
and age eligibility. petailed documentation of the design used from 1970-71

to 1972-73 is contained In R. Moore et al., The National Assessment Approach to
Sampling (Denver, Colo.: Education Commission of the States, National Assessment
of Educational Progress, 1974). Similar documentation of the 1977 sample design
is contained in C. Benrud et'al., Final Report on National Assessment of Educa-
tional Progress Sampling and Weighting Activities for Assessment Year 08
(Raleigh, N.C.: Research Triangle Institute, February 1978). -

, .

3Census-defined institutions and .group quarters were excluded from the defini-.
tion of housing unijts.. : . " R
*Adults outside the defined birth-date .ange, those with language barriers and
those too functionally handicapped to respond to assessment materials were
excluded. Self-identified nonreaders were also extluded. - About 4% of age
eligibles were excluded for those reasons, as shown in Table 4-2,

“

28




TABLE 4 1 Characterrstrcs of the 1972 73 and 1977 Young Adult Assessments

1972 13 Assessment | . | 1977 Assessment
jSubJect areas - Scrence and mathematrcs | o Scrence, energy, health and readrng ,
Number of packages j';8 both areas rn each package L one area per package

yhype of exercrses . 6 packages multrple-chorce and Muttrpke chorce .
A o ~ Open-ended exercises - '
% o 2packages: 1ntervrew/performance
. | ) e . »'
?Audrotapes 6 packages: self- paced © Science change exercrses self-paced
3 | - - 2 packages: none L AT other exercrses nong
‘Incentrre $5.00 per package I o $5 0 Per package
EData_co]kection period October 1972 t lay 1973 N May 1977 to duly 1977

'Birthedate range .a“ "January 1 1937, to December 31 1946 January 1, 1941 to December 31, 1950

. (
Number of prinary - - | o
smling units 106 5
;NUmber of segnents 1,089 o 429

-

'




Field interviewers made multiple visits, if necessary, to housing units
to obtain screening information from occupants or neighbors. Occupants who
refused to supply screening data were called or visited by supervisory staff
to solicit cooperation. C : : o - :

Data -Collection:

When eligible adults were located, they were asked to fill out a background -.
questionnaire and complete up to four packages of assessment exercises admin-
istered- in random order.” If they agreed to participate,, they were paid $5 for
each package completed. Fach package was designed to take about 45 minutes.

The average number of packages completed per respondent was 3.83 in the second
assessment and 3.74 in the third. Response rates were 84% and 79% in the two
assessments, as shown in Table 4-2. Field work was continuously monitored by
a combination of mail, telephone and personal -follow ups with respondents to
verify that they had been assessed and that. procedures had been properly fol-

- lowed.

- Scoring

Sets of background questionnaires and packages were audited for complete-
ness and consistency and scored by the Measurement Research Center in Iowa
City, Iowa. Sampling weights were computed and adjusted for nonresponse.

Differences Between the 1972-73 and 1977 Assessments
Sample Design o

. The 1972L73'samp1e was designed specifically for National Assessment, wfth
large enough samples (about 2,100 per package) to allow reporting by standard

- assessment reporting categories (region, sex, race, parental education, and -
‘size and type of community). ' . . _ L :

The 1977 assessment. of young adults used a half-sample of Research Tri-

. angle Institute's National General Purpose Sample. Because.the sample was not
specifica]]y,degigned.for,Nationa] Assessment, stratification was not strictly
,optimal -for NAEP's purposes.’ For example, census regional definitions were
used ‘to stratify the sample rather than the Office of Business Economics® .
regional definitions used by National- Assessment. Also, socioeconomic indexes
were used to stratify the sample; but low socioeconomic areas were not over-
sampled, as was done in 1972-73. The sample included 58 PSUs and about 1,300
respondents per package, which is not large enough- for -all National Assessment
reporting categories. It was possible to oversample blacks and report results
by race, but community-size categories were collapsed from four to two and

neither type-of-community nor_regiona]_resu]ts_are reported.
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" plausibpie analogs to the ways students can be systematically exposed to re- '
eased exergises. Adults are not likely to be exposed to specific exercises
.”unIESS'they are teachers or researchers directly involved in the‘SUbJECtAarea‘--A
a very. gmali proportion of‘theApopu]ation,- o ' - -
e 'COnSequehtlys,a number of previously released exercises were 1ncluded in
- the 1977 4yt assessment to medsure changes in science achievement. . Four of RS
the 20 chapge exercises had been released. after either the 1969-70 or 1972-73
assesSmentg. = o T - I .

-

: Natioha] Results .

- Mean percentages of ‘correct responses for each assessment and changes in
PerCentages of correct responses for young adults between 1972-73 and 1977 are
"g1veén-ip Tab]e*4-3-6'.The-percentage of correct responses decreased 4 Percent-
.39 Pointg petween the two assessments on the 20 exercises available to measure
"changes i, schievemént. Fifteen of the exercises were also administered to 17-
~ Yeéar-olds . eprolied in school during the two science assessments. The percent-
- 8985 of coppect responses were-similar for 17-year-olds and adults in the two
‘assessmentg, and both age groups' percentage correct decreased between 1972-73
and 1977 o A Lo s . :
~Meay, percentageés of correct reSponse and changes.for both released and )
unreleaged exercises are also shown in Table 4-3. Decreases for b?th_SEtS”were
- about 4 poypcentage POints, the same as for the entire set of exercises. - .

) .Group Results erWYouhg'Adufts .

Differences in Mean percentages of correct responses between Treporting.
groups and the nation in'1972-73 and 1977 and changes in those differences are
. displayed ip Table 4-4. “Table '4-4 also contains estimated population propor- |
t10ns *foy @ach reporting’ group and .estimated standard errors for all mean.dif-
ferences apd changes.in mean differences. -Adult reporting-group definitions
are. ideritica] to those given in Chapter. 3, with the following exceptions:

~".Communjty;size'catégoriés-wehe co]]apsed.’;Big cities and fringes around
.. big cities Were combined, -as were medium cities and smaller places. "

E . iYoung adﬁ]ts' own education.is reported, usjng-the_same_categohx defi-
" nitjons as Parental .education for students in school o

-; The'agé_range 26-35 was diyided’intowages 26s3d and 31-35.

Unlike the results for 9-, 13- and 17-year-olds, young adults' weights were
not smootheg prior to estimating proportions and percentages of correct .
responses, pata were available for only the assessment years 1970-71 through
1973-74 and 1977 -- too few points for effective weight smoothing. e
e . . . e t

. -
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'stage, the United States is divided into geographical units of counties or
groups of contiguous counties meeting a minimum size requirement.. These units,
- called primary sampling units (PSUs), are stratified by region and size of com-
~ Mmunity. From the 1ist.of PSUs, a sample of PSUs is drawn without replacement
with probability proportional to population size measures, -representing all
~_regions and sizes of communities. OQversampling of low-income and extreme-rural
. areas is performed at this stage by adjusting the estimated popdiation size

S

‘measures of these areas to intrease sampling rates.

In the;second stage, all public and private schools within egph PSt

- - selected in the first stage are listed. Schools within each PSU 3g8)581ected

without replacement with probabilities proportional to the number &f age elig-
ibles 1in the school. ) - o : o
0 The-third stage of-éamp]iné océUrs duking'the.data collection period. A

list of .all .age-eligible students within each selected school is made. A .
.simple random selection of eligible students, without replacement, is obtained,

and jtem booklets are administered to selected students. Specially trained
~field personnel select the sample and administer the booklets. In each assess-

* ment, 13-year-olds are assessed in the months of October, November and Decein-

ber; 9-year-olds “in January and February; and in-school 17-year-olds” in March

- and April. B .

When funding levels permit, the sample of in-school:17-year-olds is sup-

" piemented with a sample of-out~of-school '17-year-olds. Between 1969-70 and _
1972-73, out-of-school .17-year-olds were assessed as part of the household -
sample of young-adults. The out-of-school 17-year-old population is relatively
small and expensive to locate through a household sample. Starting in-1970-71,

* the household sample was- augmented by a supplementary sample selected from
lists of dropouts and early graduates obtained from the schools at the time of
the regular assessment. From 1973-74 on, only the supplementary sample has
been used.to assess out-of-school 17-year-olds.” The household sample was .
dropped because it afforded only slightly better‘populatign coverage while
costing much more than the supplementary one. . : .'#
fi"gin 1976-77, funding 1imitations precluded any ‘assessment of olt-of-school -
17-year-olds. In order to make the 17-year-old populations comparable for all

-three science assessments,’ results are given for 17-year-olds enrolled in
public of private schools during each assessment. Results for out~-of-school
17-year-olds are not included in'this report. A

, Each respondent in the sample does not have the. same probability of selec-.
‘tion because:some”subpopulations are oversampled,. and adjustments are made to
- compensate ‘for some schools' refusal to participate and for student nonresponse.
The selection probability of each individual is computed, and its reciprocal
-+ is used to weight each response in any statistical calculation to compensate
for unequal rates of sampling .and to ensure proper representation in the popu-
~ lation structure. T T i - ~
. The number &f PSUs, schools within PSUs and students within schools are =
- - determined by optimum sampling principles. That is, a samplevgesign is selected -

L
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-

.that will mdnimize’costS'while achieving a desired level of precision

: Tab]e A-1 d1sp1ays the number of PSUs and schoo]s w1th1n PSUs SE]ECLEd
in 1969-70 :1972-73 and’ 1976—77 by age.

- C 4

4 f\\j”d” TABLE A-1 Number of PSUs -and Schools Within PSUs
. Se]ected in 1969 70, 1972-73 and 1976 77

1969-70 Assessment 197273 Assessment 1976-77 Assessment

No. of No. of . No. of  No. of " No.of  No. of
A _ "_PSUs_ Schools'  _PSuUs Schools - PSUs Schools..
o . . L ‘- '\’. ’ . . A ) " o . . < L B 1 - . ' .
Age 9 '~ 204 935 = 116 971 75 . - 451
Age 13, . 205. 749 116 . <979 - 75 472

Age 17" 193 - - 670 116 . .798 75 4z

Differences in- Samp]e Des1gn

' 1969 70, 1972-73 and 1976-77 T

' The 1976-77 sample was drawn accord1ng to the following procedures Two
‘types of PSUs were ddentified: (1) 1arge-s1ze population areas defined by the

~_U.S. Bureau- of the Census as Standard Metropolitan Statistical Areas (SMSAs)

and (2) other contiguous. non-SMSA counties grouped together to meet certaim

. minimum-size requirements. The first, stratification of PSUs was by geographic
. region, as' defined by the Office of. Bus1ness Econom1cs, u.s. Department of

Commerce (see, Chapter 3.

W1th1n reg1qns, PSUs were: c]ass1f1ed 1nto f1ve s1ze-of—commun1ty (SOC)

',categor1es

Soc 1 ;'PSUs correspond1ng to the 13 ]argest SMSAS' after ad3ust1ng the
' - . population size to compensate for oversampling Tow-income:
.metropolitan-areas. These PSUs have selection probabilities
*so large that .under-our-allocation procedures they are certain
to be included in our :sample each year. These PSUs are
- des1gnated as se]f;represent1ng ’

. |)
El

“,SOC 2 PSUs correspond1ng to the rema1n1ng 57 SMSAs w1th over 500 000
' : pgpu]at1on : .

’SOC 3 ,/\JPSUs correspond1ng to the rema1n1\g 162 SMSAs

L SOCs 4«/% PSUs made up of non-SMSA counties. SOCs 4 and 5 are determ1ned,'
‘ -*. " "so-that half of the remaining popu]at1on (after adjustment for
oversampling of rural areas) falls :into each.category. SOC 4
contains PSUs in which less than 60% of the res1dents are.
classified as rural. . : :

S1nce the se]f—represent1ng PSUs are 1nc]uded in the samp]e every year,
they actua]]y*represent an add1t1ona] Tevel of strat1f1cat1on, mak1ng an

P
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effective total of 17 (13 + 4) size-of-community strata.” Each self-represent-
~.ing 'SMSA-was divided further into geographical substrata or nonoverlapping
replicates :hat constituted multiples of convenient work units for item admin-
istration. These multiple work units were iricluded with- the rest of the non-
self-representing PSUs to form the pool from which first-stage sampiing units

- were selected. To ensure adequate representation, National Assessment doubled
the sampling rate of low-income and rural areas. ] ' . J ;-

In 1975-76, first-stage units were selected simultaneously for four con-
secutive assessment years ?1975-76 through 1978-79), as were schools in the -

. self-representing PSUs. The present sample design requires that every four
years we will assess at least.once in every state and not more than once in
any school. There are 1,101 primary sampling units in the primary sampling
frame for the four-year period, from which about 75 first-stage sampling units
are selected each year. Lo . _

- Within the primary strata, public and private schools were listed and
further stratified by the estimated number of youngsters eligible at each age.
Small schools were clustered until they were large enough to respond to the
same number of packages“as the larger.schools in a stratum. Schools or ‘school:

~ clusters were selected without replacement with probability proportional to -
the number of age eligibles in the school or cluster of schools. Once schools
were identified, districts were contacted to check for changes in grade range
and for the existence of new schools. This information was used to revise
probabilities of schools' selection. L :
_ In the third stage, students were selected with equal probability and
- without ‘replacement within each sampled school. . The number of students select-
- ed was proportional to the number of age eligibles, with oversampling in Tow-
“income and rural areas. o : .

. During data collection, allowing for variable group sizes for each pack-
age administration within:schools enabled National Assessment to obtain desired
.sample sizes in schools having“charagteristica]]y,]ow.response_rates. This .
feature also permitted last-minute modifications and adjustments to selection
- probabilities necessitated by- enrolliment chariges. - ' '

—

Theisambling proéeaures used ih'1969-70 aﬁd 1972-73 differed somewhat from

those used-in the 1976-77 assessment.! First, size measures for SMSAs, counties

N

" 'For details on the 1969-70, 1972-73 and 1976-77 sample design and data collec-
tion procedures, respectively, see C. Benrud et al., Final Report on National -
Assessment of Educational Progress.Samplin and Weighting Activities for Assess-
‘ment Year 08 (Research Triangle Park, N.C.: Research Triangle Institute, 1977 :
-d. Chromy and D. Horvitz, -"Structure.of Sampling and Weighting," 1969-1970.
Science: National Results and I1lustrations of Group Comparisons, Report 1,
1969-70 Assessment (Denver, Colo.: Education Commission of the States, National

Assessment of Educational Progress, 1970); R. Moore et al., The National Assess-
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~and urban areas in 1976-77 were based on 1970 census data, while those in
1969-70 were based on 1960 census data. Size measures in 1971-72 were based
-on 1960 census data and first-count data from the 1970 census.

-Another difference occurred in the PSU sample design. In 1969-70, PSUs
were stratified by region, size of community, a measure of socioeconomic status
(SES) and geographic proximity. There was no requirement that all states be
included in the sample. In 1972-73, the.PSUs were stratified by region, size
of community and SES. I= addition, the sample was constrained to include all.
states. The samp]ing of PSUs in 1972-73 was accomplished by using a controlled
~ selection procedure.® 1In 1976-77, PSUs were stratified by region and size of

community, with the constraint that each state must appear in the sample once
~every four years and controlled selection of PSUs be abandoned.

... The size-of-community (SOC) stratifications in 1969-70 and 1972-73 were -
similar ‘to each other but. different from those of 1976-77. There were only
four SOC- stratifications in the first assessment of science. The first SOC
category in 1969-70 and 1972-73 consisted of all central cities with overall
population greater than 180,000. " The second SOC category consisted.of the
remainder of the SMSA containing the central city in SOC 1. The SOC 3 cate-

- gory in 1969-70 consisted of the remainder of the SMSAs.and all counties not-
.in SOCs 1 and 2, containing at.least one city with a population over 15,000.

'SOC '3 for 1972-73 was similar, except that.the minimum population of the city

~was 25,000. In both 1969-70 and 1972-73, the SOC 4 category consisted of al]
the remaining -counties not in SOCs 1, 2 or 3. - - - : \

In 1976-77,.0versampling of 1ow-income metropolitan areas and extreme- ,
rural areas was accomplished at the primary stage by intreasing the estimated
- population sire measures of PSUs- containing these areas and then sampling with
probabi.ities proportional to these adjusted size measures. In 1969-70 and
1972-73, a poverty index was used to stratify PSUs into high- and low-SES

- stratifications. The sampling rates withii these. strata were then increased
in order to achieve “he desired oversampling. :

In the 1976-77 assessment, packages of exercises were administered in
schools to groups of students varying in'size depending on an estimate of the
rate of nonrespcnse for that school. The administration session sizes were
planned to vary from 10 to.about 35 students at each age. In 1969-70 and
1972-73, the planned session sizes were fixed at 12 students at each age.

‘ment Approach to Sampling (Denver, Zolo.: Education Commission of the States, ..
- Nationat-Assessment of Educational Progress, 1974). '

2R. Moore et al., The National AssesSment‘Approach»to Sampling.
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Estimation of Standard Errors

-Several measures of achievement that National Assessment uses in its re-
ports were described in Chapter 1. The sample designs -described in the previ-
ous section are complex; deeply stratified, multistage probability sample de-
signs. A reasonably good approximation of standard error-estimates of these
achievement ‘measures can be obtained by applying the jackknife procedure to
first-stage sampling units within strata, using the method of successive dif-
ferences and accumulating across strata. : :

In this section the measures of acnievement are first defihediin’a]gebraic
form, followed by a description of the jackknife method used by National Assess-
ment to estimate their standard errors. . - i L.

e

Measures of Achievement

Based on' the sample design, a weight is assigned to-every individual who
responds.to an exercise administered in an assessment. The weight is the re-
ciprocal of the probability of selecting a particular individual to take a
particular exercise.” Sjince the probabilities of selection are based on an esti-
mated number of people in the target age population, the weight for an indi- |
vidual estimates the number .of similar people that that individual represents

. In the age population. I . o

-A sum'of the weights for all individuals.at an age level responding to an
exercise is an estimate of the total number of people in that age population.
A sum'of weights for all individuals at an age responding correctly to an exer-
cise is an estimate of the number of_people who would be able to respond cor-
rectly in the age population, if the entire population were assessed. These
concepts- also apply to any reporting group (e.g., defined by region, sex,
-race, etc.) and category of response (e.d., correct, incorrect and "I don't

know).
Let w?hk = sum ofiwejghts,fbr'respondents to exercise e who.are in: report-
- ing subgroup i who are in the kth PSU of the hth sampling
stratum. e T _ . _
¢S = sum of weights for respondents to exercise e who are in sub-

‘_1hk_ group i, who are in the kth PSU of stratum h and who selected
o response categoryj (e.g., correct response) for the exercise.

' We = I e
thelthat wihk_ _j‘Cihk' |

: Then;'éummfng k over the’nh, sample PSUs in stfatum h, and summing ovg? thé_H
: - H n - o A
- sampling strata, WS, 6 = z,;,zh WS, , estimates the number of eligibles in the
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-exercise e:.

‘population who are in “subgroup 1.

. ' . . H n . _ e -
Simi]ar]y,-C?ﬂ; = 5 2h~C$ﬂk estimates the number of eligibles in the
‘ h=1 k=1 ’ S :

population who are in subgroup. i and who wbu]d~§e1ect response category j for '

<‘.§'

oej o Aej"‘*ie
(1) _Rj_ - C1‘++ / w1‘++'_ A » A
. ) : - . Fad

! .. . . ‘ ’ o 0 - .
CIn the special . case where the percentage of all age eligiblies who would
select response category j on exercise e is estimated,‘the_index A (for Al1)

will be used in place of i as follows:
> ej _ej e . - o
(2) .pA A-,CA++'/ NA++’ o . . . . N R \.:

In National Aséessmentfreports, the proportion in (1) mu]tip]fed by 100

is called the group percentage, and the proportion in (2) multiplied by 100 is

called the national percentage. :The difference between the proportion in sub- -
group i who would select category j on exercise e and the proportion in the -
nation is denoted by: ' - L -

v ej _ el ej : | L |

| (3} AP f_Pi - PA.. n : _ /

~ National Assessment also reports the arithmetic;mean of the,percehtage“of .
correct responses over sets of .exercises.corresponding to ‘the measures in (1), .
(2) and (3). These means are’taken over the set of all.exercises or a subset

i exercises classified by a reporting topic or content objective. The mean’

percentage of correc¢t responses -taken over m.exercises-in some set of exer-- -

+ cises corresponding to measures (1), (2) and (3) are, respectively:

Vo5 -l e
(4) Py = ﬁ‘g Fi++ /.Ni¥%’;

. o .
(5) Py = g'CA++ / WHJf and

J=

1(5) AP1;=‘P1 - PAﬂ

;the that.the‘respohse category subscript j has” been suppressed since the
© means are understood to be taken over the correct response category for each
_exercise. . S ‘ : o

Each of these six achievement measures are computed and routinely used

| in reports -describing-achievement data for any assessment. .The simple differ-
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ence in these measures between two-assessments of the same exercises. {or sets

- of exercises) provides six measures of change in achievement that are routinely
used in National Assessment's change ‘reports. .The next section describes how
standard errors are estimated for.the 12 statistics routinely-used in National

.Assessment reports.. . ;-
- Computation of Standard Errors /

& .
-

: In order to obtain an approximate measure of ‘the sampling variability in
the statistics (1) through (6§” a jackknife replication procedure for estimat-
ing the sampling variance of nonlinear statistics from complex, multistage
samples was tailored to National Assessment's. sample design. References.(4),
(5) and (7) provide information about the'jackknife technique, while reference
(3) describes how the procedure is used in estimating standard errors for ° ’

National Assessment's sample designs.
ﬂ "To démonstrate the computatiohal"agpects of ;his techniqﬁe,Aconsiden esti-
mating the variance of the statistic in (1) -- the proportion of age eligibles

in subgroup i who would select response ‘category j on exercise e.
This statistic is.based on dafa”from all the n, PSUs -in the H strata. Let
A'P$ghk be .defined as a rep}icatioh'estimaté.offP$Jﬂand.conStrupted'from all §he-'.
. PSUs,  excluding ‘the data from PSU k in sﬁratum?h.f These replication estimates

are computed as if the excluded PSU had not responded and a.reasonable non-.

-

response -adjustment is used to replace the data in PSU hk in estimating P?{.

' S?Qéra} ;hoiCes for'rep]acingithe;data}iﬁ PSU hklére 5vai]ab1e.' In:ordér~to
e qbtéin ; conveniént aﬁa compﬁfatfﬁna]]y effiqiéht algorithm for-appr&k%ﬁafjng\
standa}d:érﬁors,.Nétioha]‘Assesgméhf'rebia;es’cigk aﬁd.W$Hk fFom?the'hkgg PSU -
. wffh.corkéspdﬁding §ums;from énqthef pairéd ééﬁ-i@ %he $ame s;réfuﬁﬂ: The feﬁ;" fv
 1jcate'é$timate'js then"cdhp@téd.A The;replicaté estimates to.bé*used.inhfhe,":b
. ca]éu]étions ére'defermiﬁéd by arrangiﬁé a]i'oﬁ'the bSQs jh each stratum’into '
successive pairs.  That is, PSU 1 is paired with PSU 2, PSU 2 with PSU_3, 3
‘with 2, ... (Ny-1) with n_ a_}id PSU ny, With PSU 1. S e
The coﬁtribution tq the varfance'of ??J;by each pair of PSUs is the change

in: the value of the statistic incurred by replacing the data-from'each PSuU ih
4




(

| the pair w1th the datllfrom the other PSU in the pair and recomput1ng PEJ in the

| usua] way. Th1s _produces two replicate est1mates Squar1nguthe deference

vbetween these rep11cate est1mates and then d1v1d1ng by eight. measures the
_contribution of this pair of-PSUs to the tota] variance ’The sum of these con-
tributions err all- ny success1ve pa1rs 1n the stratum is the contr1but10n by

stratum h to the total var1ance The square root of the sum of the H stratun

1

' contr1but1ons is the est1mate of the standard error of PeJ : S

- 3 . -

: A]gebra1ca11y, the two rep11cate est1mates for ‘the. pa1r k, k+1 (where
k=1, “"-"h and nh+1 = 1) are:

e c&J . ceJ vc8
(7) P& ikt T Sk T 1h(k+1)
- . R ihk h(k+1)

and : -7

/ . Ccejo_ e . ed - . _ S

) o . C1++ Chhien) * S, A
L0 Tieh(kel),k e We. 4 e ' - :
S T M T W)t Wik

-The.contribution_to the tdtal variance from‘stratum h‘is:7

: ' . n. . .
T o : - ed - »% -]; ' . eJ L 2
(9 Var (Pih)-. g i (Pi-hk(k+1) —h(k+1 k)

And, f1na'1v, an est}mate of ‘the standard grrov of “?f is: .

“

(10) SE (P?J)»=-(Z'var Pﬁi)%.,
: _ a .

'Multfplyiné PeJ by 100 yields the percentage of response to category J
Multiplying ,E (P J) by 100 y1e]ds the correspond1ng est1Tated standard error

4

of the pet entage _
o In genera] the Jackkn1red standard errors of the proport:: n est1mates’

will be 1arger than tre s1np1e random samp11ng formu]a (pq/n)z, where p = peJ o
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"q = 1-pand n is the:number_of‘samp]édirespondents in subgroug i who took the = -~
" exercise. The 1érger size of. SE (P?J) reflects mainly the loss of précié%on

-

" due to ¢1USferésaﬁp]ing.of schools and: students.

- The standard errors for the achieveinent measurés (2) through (6) -are com- -

" - puted through a §eries of'sfebg‘éna]ongS to thd§elfol1owéd in computing'SE (P?J).

. The most complicated step in computing standard errors occurs in forming .
‘the paired replicate’estimates analogous to (7)‘and-(8) for each successive,
pair of PSUs.  Once.thjs bookkeeping chore is done, tha computations for (9) ..
and (10).follow in a-straightforward ‘manner. ‘ R -

'_Ihé'standard erroré‘for_the differeﬁces beﬁween tiwo assessmentsAfor any
of the achievement measures (1) through (6) are computed as the square root
-of the sum of the squareq_standard»errors from each of the separate aésessments;

>

_ Jhe size of the 'standard errors depends largely on-the.number of PSUs ‘and
'schools included in the sample (Table A-1), but also“on the.number of respen-- -
. dents:in;each of the reporting-groups. Table.A-2 shows- the average number of
-students responding to an exercise package for each of the reporting groups _
discussed .in this report, for each'age and for each of the three science assess-
. m_entS-'*'" o . . ’ . - N .\ ’ ..~ E .._ " ﬂ, -
. .The.size of the standard errors of the means of the achievement measures: .
. for sets of exercises.is also influenced by the number of exercises in the
exercise set and the number -of packages over which the items in the set. are .
-spread. . Tables A-3 and. A-4 show ‘the numbeY of exercises:and packages inc¢luded

. .in the mean achievement measure for each of the:.content categorias included:in.

\

. this report.- .- . .
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TABLE A:Z. Avekagé Ndmber.of-Respondents in Report1ng Groups Tak1ng a
: Package_of Exercises, by Age-and Assessment Year .

Age 9 Age 13 Age 17 In Séhoo]+ '
nge J age 13

1970 1973 1977 1969 1972 1976 - 1969 1973 1977 -
. ) e . .
_ Natipna] . 2,434 2,663 2,478 2 411 2 612 2 565 2,083 2,351 2,649
Region - e L - C |
Northeast : - 618 656.. 585 625 651 . 587 577 573 = 581 .
‘Southeast - 563 669 - 646 562 667 708 423 596 673
© Central -~ . 574 672 . 736 570 - 649 764 . 507 596 .850
"~ West- . o 678 665 510 654. 645 506 - 577 . 586 545
—. Sex o ” ) »,.‘ '.': . R .)v .- ‘ A_. ) . -
Male =~ -/ 1,231 1,328 1,245 1,166 1,294 1,268 '1,013°1,126 1 313
Female - 1,203 1,335 1,233 1,231 1,318 1,297 1,070 1,225 1,336
White - 1,825 1,997 1,911 -1,799°1,977 1,940 1,723 1,852 2 155,

Black ~* 390 466 -391 416 436 473 237 358 - 359 -

fParental education
7 Not graduated . o i B S
high“school - 269 271 - 234 - ”361 417 .- 336 -, 432 455 . 418

" Graduated high _ . _ T _
.School . - 562-: 564 . 681 762 .792 . 868 685 720 897

' Post thigh SChOO] g ;294 787 “729'_ 1 038_; 994 1,013 1931 1,028 1,212

‘j_vape of commun1ty o . ' o S S
- Extreme rural - 240 265 247 242 263 261 - 206 230 256

Low metro. o - 243 266 252 " 243 264 263 212 1239 266
“High  metro . . 243 - 267 241 - . 239 - 260 261 + 209 234 267
- Size of community o . , : : :
Big city. - 665 . 619 617 651 583 633 - 558 439 622
.~ Fringes-around - _ ' : S S
big cities - = 403 515 - 461 ~381 531 484 334 493 488
Medium city 326 372. 274 - 371 365 218 . 334 326 274 - |
Smaller places 1,040 1,157 1,126 1,007 1,133 1,230 857 1, 094 1,265
Grade L T e o -
- 3,7,10 T 1558 646 575 581 693 . 663 - 267 305 350
. 4,8, 11. 1 779 1,946 1 855 1,728 1,809.1,842 . 1 »446 1,688 1,977
: 12

)

Do -t .- 323304 286

f¢'+Seventeen-year-oZdé nroZZed in schooZ echudzng follow ups in the 1977

" as'sessment.
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TABLE X 4 Num er o) N Nnge Exerc iss i Namous Content (ategories and Number of
Packages in hich T mm Nmercmses Appeared in 1972 73 and 1976 m, Ages9 3and 17

N Nm Number of Number of Number of Number of Tmber of

Exad o Parkages - Exercises - Packages 'Exercises  Packages
"””Wwimm,mﬂ Tmwm T mw

U N N N T o
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By T ey gy
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"APPENDIX B

ESTIMATED POPULATION PROPORTIONS OF REPORTING GROUPS
- BASED -ON NATIONAL ASSESSMENT SAMPLES, -
1969-70, 1972-73 AND 1975-76

A

-~ . The estimated population proportions for reporting.groups. shown in this.
appendix are based on weights derived from the sampling process used in the
three assessments of 9-, 13- and in-school. 17-year-olds. .These proportions -
vary from year to year due to:random sampling variability or systematic dif-
ferences in sampling procedures. A better estimate. of population ‘proportions

~ for any single year can be obtained by smoothing! ‘the proportions.over several
assessment years. . Smoothing does not make the estimated proportions identical

but does reduce variability. The estimated population proportions shown in

this appendix*and used in estimating performance were obtained after smoothing .
proportions from the first eight years of assessment. The procedures used to

obtain the. smoothed proportions are detailed below: ‘ ) o

The purpose of smoothing .estimated population proportions is to . reduce”
sampling-fluctuations -that can'affect estimates of the change over time in the
percentage of acceptable responses to an exercise. For er.%i-1e, the percentage
of acceptable responses for an-age group is a function:of i#: re]ative,propo%’:—zS

‘tions of high-performing and Tow-performing groups. If thc velative propor- -

“«tions of these groups are very different in different assessments due to sam-
-pling variability, then a portion of the change in percentage of acceptable
» responses for an.age group is directly attributable to yearly sampling differ-

‘ences in the-relative proportions -of high- and low-achieving groups. Smooth- -
ing estimates of population proportions reduces a large portion of the sam-
pling variability while preserving, as far as possible, actual trends occur-

ring in the age population. : . _ . : .
The specific procedure used to obtain the smoothed population proportions
that were uSed in this report is detailed below. This procedure, which was
- applied independently to each of the three age yroups, is basically a weighting-
- class adjustment applied independently to each reporting category (nation, .*
. region, sex, etc.). Bykgpplying-this weighting-class procedure independentty .

~

" 1The word “smoothing" is used here in the sensé of. drawing a "smooth" curve to
fit a sequence of numbers.. Proportions for each reporting group covering eight
- .years were .smoothed by the robust/resistant procedures described in Chapter 7,
"Exploratory Data Analysis by John-W. Tukey (Reading, Mass.: " Addison-Wesley,
1977). . Lo o ‘ . ‘ '
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to each reporting variable, it was possible to produce good estimates of the
marginal proportions of people within each. category of the variable, while dis-

" turbing.as little as possible the-relationships between other reporting vari-
ables within the adjusted variable. -, ‘ S

The same weighting-class partitioning of the population was used for all
ages and reporting variables. For each age, the entire 'population of eligibles
was partitioned into nine cells, called smoothing cells, on the -basis of mem-
bership in a variety of demographic categories determined by the race,,gradgj
home reference items and parental-education variables. ‘The purpose of the -
partitioning was to obtain .subgroups of eligibles that exhibited substantial
differences 'in- performance on science exercises. -In additionlto-differentiqt-
ing on performance, the smoothing cells were required to contain-adequate -
numbers of eligibles to ensure stability of -the weight adjustments. These

‘criteria produced the smoothing cells detailed in Table B-1. - - 3

For each age and reporting variable, the population of eligibles was par-
titioned into subgroups determined by the various categories of the.variable -
" and by the smoothing cells. For example, classification of the population by
sex-and. the smoothing cells produced a partitioning consisting of '18 subgroups:
males in smoothing cell 1, males in smoothing cell 2, ..., females in smoothing
cell 9. Estimates of the proportions of.eligibles in each of the subgroups
were then obtained for each of the eight assessment years. The estimated pro-

portion of e]igib]é&’in a particular subgroup for a given year was computed as -

the sum of-weights- of réspondents in: the subgroup assessed that. year divided

by the sum of weights of all eligibles.

_ .. This produced, for each subgroup, estimated proportions for each of the.
~~eight assessment years.| Each such set of proportions was then smoothed to
give a sequence of adjusted population proportions that tended to preserve
actual_time trends- in proportions while reducing the sampling variability of .
these estimates over time. The adjusted proportions were constrained by re-
quiring that the sum of adjusted proportions. across all subgroups for each :
~y»*r and reporting variable (formed by the categories of.the.variable and the'
sryotiing cells) totdl one. For example, the sum of,.adjusted proportions.for

sa 2 and. female 13-year-olds in 1972 had to equal .one.

- :4The.sum'pf the‘adjusted proportions aéross_thé,smoothing cells for‘a'given
year and reporting category provides an estimate of the proportion of eligibles
in the population. who were members of the reporting category. These sums are

the proportions reported .in- Table B-2.

; Once smoothed estimates of population proportions were_obtainé&j respon-

/" dent weights were adjusted so that adjusted performance estimates -could be
.computed.. As explained in Appendix A, the percentagé of correct responses is
estimated:by dividing the sum of weights for students responding correctly to
an exercise by the sum of weights for all students exposed to the exercise.

_ ExerciseQTeve] berformanée'estimates are affected by both year?tOdear'
sampling variability and within-year variability,. because each exercise appears
in only one package and iS'administered‘to.a relatively small fraction of all.
v o -
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- © TABLE B-2. Estimated Popu]atwn Proportwns of
' - National Assessment Reporting Groups for Ages
9, 13 and 17 in 1969 70, 1972-73 and 1976-77

.

Reporting Groups o 1969-70 1972-73 1976-77

Age 9 ng 13 Age 17 Age K e 13 Age 17 Age 9 ‘ﬂge 13 Age 17
Sex , . .
Male . : $495 .498 .489 ~.499 .500 .492 .502 .497 .490
Female ' .505 502 . (511 .501 .500 .. 508 .498 .503 .510
Race . ' | . : :
White .843 .851 .876 .808 .824 .853 .812 .808 .836
Black .133 .132 . .109 © 141 .128 112 .128 .135 .116
Other . .024 .017 .015 051 .048 .035 .060 . .057 048
Regiop =~ S , - : . ' o
Northeast . .251 .245 244 .260 .249. .268 .252. 297 .249.
Southeast 213 .223 . 196 .224 .225 -.198 .225 L2010 .199
Central .295 .291- .303 .275 .284 .292 .273 .273 .308

West ! -.241 .241 .258 .241 .242 .242 . .250 .246 .243

Parental education - -
Not graduated high-

scnool , .103 .154 .210 .095 J148 .173 ©.090 134 - 151
Graduated h1gh school .231 .314 .326 .220 .307 .317 .246 .328 .333
Post high school .341 .412 .416 .325 .406 .463 1323 .408 .469
Unknown _ .325 . 121 047 .360 .138 047 .340 .129 .047

Type of commun1ty o v
Extreme. rural .086. .096 .088 .085 .095 .081 .092 -.103 .081
Low metro : .066 .088 095 - (077 .077 .096 .072 .071 .085
High metro .12 - 118 .140 .126 .118 121 102 . .110 .102
Other . .724 .698 .677 G712 00,710 -.702 .734 .716 .732
. Size of Lommun1ty ot ' : ) .
Big city .219 218 . .223 .209 .193° "~ 183 .179 .173 .169
Fr1nges around b1g' ] ’ " : B
-~ cities .217 .207 .235 . . 224 .232 .252 .201 .185 230
" Medium city 2135 7 144 - 142 .139 .142 .143 .146 .132 .146
Smaller .places . .428 .431 .399 .428 .433 .422 .474 .510 .455
Grade in school . . : ' B
<3, <7, 10 .013 .033 Lo .010 .027 - .017 .006 .021 .015
3, 7, 10 .232 .239 . .,125 .230 246 - 127 .232 .251 .136
4, 8, 11 .731 J15 0 ~ 724 .747 2717 . .728 . .751 .720 .749
>4, >8, 12 © . .008 .011 .133 ~ 006 .010 127 - .006 .008  .100
- Other . T -.016 = D02 .000 ©.007 .001 .001 .004 .000 ,000
| {
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- respondents. . For example, in 1976 ten batkages of exercises were administered

to 13-year-olds. Smoothed population proportion estimates were based on
25,653 13-year-olds, but each exercise-specific performance estimate is based

- on the approximately.2,565 13-year-olds who took a particular package. Con-

sequently, respondent weights were adjusted-to dampen both between-year varia-
bility and packgge—to-package.variabi]ity within an assessment year.

Respondent weigﬁts'were adjusted separately for every reporting cétegony
by assessment year, age group and package combinations. To simplify the ex-

* planation, the adjustment process is described for male 13-year-olds who were
- administered package 1. (of 10) in 1976. The same process applies to all other

combinations of reporting categories, ages, packages and assessments.

.- Weight sums were computed for the ‘male 13-year-olds. (who took package'l in’
1976) falling into each of the nine smoothing cells and converted to propor- _
tions by dividing by the sum of weights in all nine smoothing cells. An adjust-
ment facter was then computed for each smoothing cell by dividing the smoothed
proportion for that cell by the package proportion for the cell, as shown in
Table B-3. The weight for each respondent (male 13-year-olds who took package -

1 in 1976) in a smoothing cell was multiplied by the adjustment factor for-the

cell. Adjusted performance-estimates were then computed with the adjusted

' weights.

'The reéu]t of'the.smoothfng>and'weight—adjustment'process is that the
estimated reporting-group proportions are identical for all packages (and exer-
cises) in a particuiar age group and assessment year combination. More impor-

- tantly, both adjusted performance estimates and changes in those estimates

' - appear to be somewhat less susceptible to sampling variability, beth across and

within years. At the present time weighting class and other adjustment: pro-
cedures continue to be evaluated to determine whether the increased precision

~in performance estimates is large enough to warrant the considerable addition- -

al costs involved.

I
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APPENDIX C N
CHANGES IN PROCEDURES BETWEEM ASSESSMENTS

|

. " As with ahy sample survey, National Assessment results are subject to both
. sampling and nonsampling error. Sampling errors occur because responses are’
obtained only from'a sample, not from the entire population.. Nonsampling
errors are unwanted variations in respenses that might come from many.sources
in an assessment: the arrangement of exercises in packages, variability among
- exercise administrators, differing motivation levels of respondents, errors

in recording responses and .errors in data processing procedures, among others.
When assessing-change, we hold constant as many conditions as possible so

that the .nonsampling errors in the first assessment will cancel out those in
the second assessment when the difference in achievement is computed. -

However, it is not possible to control all sources of nonsampling error. -
‘Some conditions did change over ‘the course of the three science assessments.

- This appendix describes changes in- definitions .of reporting variables, data

collection procedures, "I don't know" responses.and nonresponse to exercises.
Comparative data on released versus unreleased exercises is also included.

Definition of Variables
Parenta1 Education

The wording of the questions asking for level of parents' education was
changed slightly after the first assessment. In 1969-70 resporidents were
. asked, "How far did your father, or the man-living in your -home ‘who acts. as
_your father, go-in school?" A similar question was asked about the respon- -
~ dent's mother. In subsequent assessments, the wording was simplified to: "How
much school did:your father complete?" with a similar question about the
mother's schoeling. ' Only the form of the question was changed; the response
categories were not. After the 1972-73 assessment, results for changes in
achievement by parental-education categories were ‘not reported.in thé main body
of change reports. However, because the results across the three assessments.
have been highly consistent despite the change in:wording, they have been in-
“cluded in this report. - :

. The proportion of respondents who did not report an education level for
either parent has been high for 9-year-olds (about one-third) and lower for -
13- and 17-year-olds (about 10 and 5%, respectively). Achievement of respon-
dents in the unknown parental-education category is always lower than for any ..
“‘other categoqzé . Whether the;low achievement of this group reflects lower

S
o7

B
P

57

7o



- ability, lower parentaT interest or influence, motivational problems in the

. assessment’Situation or some other factor is not known. .

Race
"In 1969-70, exercise administrators visually identified, respondents ¢
white, black or other. In 1972-73 and 1976-77, partially in response to per- :*
. sons and organizations wanting information.about other racial or ethnic groups,
. the exercise administrators were asked to classify respondents into one of five
-categories -- white, black, Puerto Rican, Mexican-American or other -- using
visual identification and surname. When there was a question; the administra-
tor was advised .to determine the language or dialect the student spoke. In -
- all cases, Puerto Rican and Mexican-American identification took priority over

other categories.
. ',l_-}"l

~ The degree to which categorization into Puerto Rican and Mexican-American
groups -~ taking precedence over racial identification -- affected the racial
categories themselves is not directly known. The proportions of whites and
~blacks have been within the range of sampling.variability,! and group differ-

ences in achievement were quite consistent over the assessments. There may
still be a small effect due to the change in definitions. = - '

~ Community Size

In all three assessments community-size definitions were based.on 1970
census data.. Community characteristics have changed to some extent since
1970." Because of annexations, migratiorn, birthé, etc., some smaller piaces
have become more 1ike medium cities or fringes of big cities, while some
medium cities have become more 1ike big cities or. fringes of big cities. Data

. from Current Population Survey reports? indicate that the changes, while real,
probably have not been large enough to seriously affect results for National
Assessment categories. - The 1980 census will provide more detailed data 03//)
community characteristics and -migration between various geographic subpopula-

- tions. Analysis of population trends and their relationship to performance

trends will be a major part of National Assessment's analysis and research -

effort in future assessments.

1See Appendix B ‘for ‘estimated. population proportions. °

"~ 2U.S. Bureau of the Census, ""Mobility of the Population of the United States:

March 1970 to March 1973," Current Population Reports, Series P~-20, No. 262 - -
(Washington, D.C.: U.S. Government Printing Office, 1974); U.S. Bureau of the

Census, "Geographic Mobility: March- 1975 to March.1977," Current Population
Reports, Series P-20, No. 320 (Washington, D.C.: U.S. Goverrment Printing

- Office, 1978). : L - AT
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rType of Community -  ’, : .. B

" In each assessment principals in sample schools were asked to estimate the -
proportion of adults in each of the-foliowing categovies for.the school atten-
dance area: - - : - '

.- Protassional. and wanagerial

Sales, clerical, technical and §killed-
Factory anu.other blue collar '
‘Farm workers . -

Not regularly employed

Welfare oL :

MMM O 0>
L] . . . .

‘Missing data were estimated from'197d census repbrts.

Using these categories, ruralsy low-metro -and high-metro indexes were then
constructed for each school: . . : : - :

Rural: - . D-(C+2R)
- Low metro: - E+F-A - :
“High metro: - A- (C+D+E+F)

At each age, schools were excluded from the extreme-rural category if
they were not in the smaller-places community-size category or if.the principal
reported that any students came from places of greater than.10,000 population.’

"Remaining schools in this category that contained the 10% of the total sample
highest on the extreme-rural index were classified as -extreme rural. Only
schools in big-city or fringes-around-big-cities categories were eligible for
the. high-. and low-metro classification. Eligible $chools containing the 10%
of the sample highest on. the high- or low-metro indexes were classified as high
or Tow metro, respectively. - : S ' g

The extreme-type-of-community definitions have proved useful in identify-
ing a constant percentage of respondents that are 1ikely to be from opposite
extremes on a-rural-urban continuum and, within urban schools, at opposite
extremes of a socioeconomic continuum. The populations represented- each year
are slightly different. The categories each. year represent the most extreme
10% of. students in that year's sample.: If a particular year's sample happens
to be less-rural than previously defined, for example, then extreme rural will
cover a less rural population that year. Also; the -sample design used in each -
of -the science assessmeénts has defined and oversampled rural and Tow-socioeco-
nomic areas somewhat differently. To, the extent that National Assessment is-
more successful in oversampling these areas, 10% of the .sample covers a smaller
" -proportion of the extreme-rural and low-metro populations (and, conversely, a
-larger ‘proportion.of the high-metro population).. . ST

: PR .. S .- .

. One other caution should be observed in interpreting extreme-type-of-

- community data. The older age groups' ‘mean achievement is generally closer to’
the. nation than is the younger age group's mean achievement. This phenomenon -
~might be'partly.due to the larger size and heterogeneity of secondary-school

attendance areas when compared to those of elementary schools.
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Data Collection Procedures

Data CoTTect1on Staff

The first assessment of science occurred during the first year that
National Assessment collected data. The second and third assessments of sci- -

ence took placé in the fourth and e1ghth years of data collection,. respect1ve]y,- .

. by which time.several 1mprovements in field operat1ons had -been made -For ex--
ample, the field staff used in later assessments had more experience.and better:
‘training than did -the staff in the initial assessment year. Better quality- _
‘control procedures were also implemented so -that the field staff could be con-
tacted quickly and instructed about proceduraT changes if there were di fficul-
ties in administration.

Learn1ng Area M1x

In 1969 70, science exerc1ses were administered in ‘packages a]so conta1n;‘
ing writing and citizenship exercises; .in 1972-73, science was administered
~with mathematics. Most of the citizenship and writing exercises were short- .
answer or essay exercises, while most of the mathematics exercises required
respondents to compute and record their own answers. Most of the. mathematics
exercises were short; the citizenship and writing exerC1ses were longer. "Al-
though the total testing time (about 40 minutes. per respondent) was the same
" in each assessment, responding to many. short exercises rather than a few long

- ones may have had’an effect on .performance. The 1976-77 packages contained
.only sc1ence exercises, most of which were multiple-choice. For the first
time in-a science assessment,; most packages contained exper1ence or. attitude

1nventor1es o : .

vTap1ng

There were ‘some slight var1at1ons in the taping- of the exerc1ses New
tapes were made in.each assessment because different combinations of science
exercises and learning areas were assessed each time. - A different announcer
was used in the first assessment than in the last two, but in -each assessment -
the announcer read clearly and at a constant rate.’ Tapescr1pts for change ex-
ercises were kept .as constant as possible (1nc1ud1ng errors), but there were
s11ght changes in the introductory remarks, transitional remarks between exer-
cises, and 1nstruct10ns on the use of the—"I don't know" reSponse. :

A11 1972-73 taping. convent1ons were rep11cated as QTOSeTy as poss1b1e on
exercises for the 1976-77 assessment. In the second assesSment, the announcer-
said, at the end of each exercise, "If you do not know the answer, please fill

“4in the oval beside 'I don't know.'" ST1ght1y different conventions were used -
for new exercises in 1976-77. "I don't know" was read immediately after the .-
other response choices at age 9; it was not read at all at ages 13 and 17. To
minimize the effect of these changes, old exercises were clustered at either
the beginning or end .of each package. They were not segregated in separate '
packages because of ‘the increased prec1s1on of summaries when exerc1ses are '
spread over muTtlpTe packages ,
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Printing ™ ..
/*\_/ i /J' Lt T ’ ) . .

. Instructions on the bottom of each page telling respondents to stop or to -
continue on 'to the next page.were given added visual emphasis in-the second
assessment: "Stop" appeared in an octagon and "Please Continue on the Next
. Page" appeared in anarrow. In addition, there were slight ‘changes in the
"~ sizes of type faces.used.in the two assessments. Both sets of printing: have-
been judged by National Assessment's reading consultants to be easily readable
at. the appropriate age levels. Printing was essentially identical in the
second and third assessments. : o ;

“Mode of:AdmipiStratioﬁ ;

g Most-of the assessments conducted by National Assessment have contained. -
~both individual. (one-to-one interviews) and group administrations. A1l exer-
. cises used to measure changes ‘in achievement.between the first two, assessnents
were group.administered.” In 1976-77 all exercise packages were group admin-
istered. However, two exercises used to measure change between.1973 and 1977
were administered individually to 9-year-olds in 1973. -Exercise "202029 asked-
whether water would weigh more, the same:or less when frozen. Respondents
" were then_asked to explain their .choice of more, the same, or less. Only. the
multiple-choice portion was used in change-summaries. Exercise 202072 was a
multiple-choice exercise: that required students to pick the picture of a can
that might contain botulism poison. Changes in ‘the percentage of correct
responses .to both.exercises were negative (-8.5% and -3.1%, respectively),
~while the average change for all exercises was essentially zero.- However,
" neither change figure appeared to be unreasonably large when compared with
. ‘changes for the other exercises. o ' S T

In the first two assessments,. group administrations were limited to 12
students. 1In 1976-77, the planned average group size was set at 16; with a
range of 10 to 35 students. Some probiems with overcrowding were encountered
in the larger sessions. : : a -

_Position in Package

. In both the second and.third science assessments, -science exercises were
reassigned to assessment packages. In-1972<73,'new'ahdvo]d_science-exercjses'

- were mixed with mathematics exercises. In packaging exercises, National  Assess- -
- -ment staff attempted to balance difficulty level; objective, content. type and
. other variables-across packages with the constraints of fixed total assessment
time for each package of exercises, and no exercise in. a package could provide -
the answer to any-other—exercise-—In—preparationfor the 1976-77 assessment,
nearly all change -exercises from a 1972-73 package were put together in either
the beginning or end .of a 1976-77 package. There were some exceptions due to
differing numbers of packages between .assessments and other constraints.

Having-all change exercises at the beginning-or end of .a. package represent- .
ed a major departure from prior assessment practice. If there were biases
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associated with packXe lacation, the validity At £hange measures would be -
Jeopardized. It hay Meen suggested that exami "es might do poorly on the first
exercise. (or exerciy &) in a testing situation Mecluse of ‘the initial tension
examinees sometimes éRparience.® In addition, Performance on the last exer-

" cise (or exercises) i gt pe Tower than expecttd f some. examinees do not have
time to complete thegl.- o - o : :

. National Assessy®nt 3ttempts to control e effects of exercise position
in a-package by presA ting an audio explanatiofl f What the assessment is, hcw _
results.will be used, \and pne or. more example Afher¢ises before actual assess-
.ment begins. . Furthay, e¥ercises are presented O dUdiotapes to pace respon- .
dents through to the eMd Of the packages. o .

After the secoriy! Sgitnce assessment, Natigia] Assessment staff analyzed

- results for exerciseg thal were first or last 41 3 Dyckage in either assess-
ment. - There was litgl®e Ye]ationship between py$itiOn and changes in achieve-
ment.* A small conty® 11ed experiment on positJit ahg format was included in
the 1973-74 assessmevtt of writing and career ay oCQupational development.
Even with approximatylV 7.500 respondents per ¢athent condition, no system-
atic position effecty Werd detected.’ _ ' : -

Position-in-paciiqe &Ffects between the syAnd and third assessments were
-investigated by divigiMy Packages into thirds yan C1assi-fy1_'ng -exercises by loca- -
tion in the second ay! third assessments. Exev'¥s& administrations in the last
part of a package ary Stmétimes lost when sessyNs Start late, schools close
early, etc., so. meany for hoth: correct responsy And nonresponse were computed -
by ‘package location. Numbars of exercises, mey! chinges in percentages of
correct responses any Atandard deviations® are I’ 1ted in Table C-1 and plotted
in Figure C-1: .‘The yiMe 5tatistics for nonresyMsa’ are Jisted in Table £-2

*R.L. Ebéi; Measuring Educational Achievement (fqféwood C1iffs, N.J.: Prentice
Hall, 1965).~ - 7/ . o S o o

. “See ‘Science Technica’l R+ _Sumary Volume, Pepory 04-5<21, pp. 100-104
. for detailed documentZti - = {5z pesition. in pAkade analysis (available from
- ‘National Assessment o4f ices). - : L e

-

5N Burton-et al., "Tye Ef_Feét of Position-and ﬂ\rmét on the Difficulty of -
Assessment Exercises,V YapRr presented at the A/"™31 Meeting of the American
Educational Research As%ociation, San Frtancijsco,‘fMpYJ] 1976. SR

SStandard deviations g hcluded as indicators '¥ the variation in exercise=——
level changes in each 11, Because not all exySiS®y were administered to all.
students;. they are noy Valldq statistics for tesyifNg Uifferences between cells.
7The'n}an'r-espo_n_se. r'e'pov'te%d in the appendix is now®spinse to exercises. for respon-
dents who were preseny for package administratiy’S. Failure to participate in
the assessment. becausy QF Schoo1 or: student refy'Al s treated in Appendix D.
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" FIGURE C-1. Mean Chaﬁge in Percentage of Correct ReSpdnse,From‘1972-73
’ to 1976-77 by Posiition in Package, Ages 9, 13 and 17 .
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TABLE (-2. Meéh.Chénge in Percentages of Nonrespbnses Between 1972-73 and
- 1976-77 by Package Location in 1972:73 and 1976-77, Ages 9, 13 and 17

e wem o L Package Location.
L ~ Package - - Rt Y3 WiddTe I3 Last 13 Total
Location R o o T |

g 9 - First /3 Mean change, (S.D.)+ 7 (3;3)+ -1 .2)"~ - 308 L0420

~ Number of exercises 12 SR - I %
Colast 13 Mean bhangé, (.0.) - .3(.8) .3 (1) g (.3). 1 .3(1.0)
R Number.of-exercjses - J 0 L "12 , 31
Tl Mendnge, (S0.) 326 10 (.4 1 (L6)-
- Nunber of exercises oL a3 % 69
ARERE 3. First 1/3» ' Mean‘change, (S.0.) -.2(.8) -3 ;4)' -1.3 (1.3) | -.8(L1)
o “ 7 Number of exercises I 11 35
B st Menchng (0. 300 8D -0y | 2
| - ¢ Number of exercises O (e | 8 |
ol M change, (50.) g B 2y 822 |21
v -+ MNumber of exercises - 2 3 28 73
1 First 13 Mean change, (S.D.)‘ Cas) -9 (35) .- 6 ( {4) |- 3(2.0)
. Number of exercises R A 3 4
CRSER e chames(S0) G 12(8)  g6() 19.0.7) | 16(.0)
. Bumber of exercises - g T | B 2
DTl Menchnge, (500 () o0 (14) | 419
R ~ Number of exercises” R n 8 | 68

. 180, ='Stdﬁdard Deviation; 3
o - Data in this table wéfé:computed prior'to-weight smobthing (see Appendix B). Comsequently, mean
che. ;8 differ sZigh#Zy-f?om those computed from gmoothed vetghts. |
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- FIGURE C-2. Meanthénge in bercentage of Nonresponse From 1972-73
‘ to 1976-77 by Position in Package, Ages 9, I3 and. 17
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and plotted in Figure C-2. We expected that cxercises either at the beginnina
‘or at the end of a pzckage in both a.sessments would provide the best control”
of nonsampling errovr. Results were ot always corzistent with this expecta-
tion. . T :

. At age 9, exercises appearing in the first third of a package in both
assessments had a positive change of 3% percentage points, while those appear-
ing in the Tast third of a package in both assessmerts had - 31ightly larger

negative change. At age 13, -mean changes for exe appeaing in the first
third of.1976-77 packages were less negative thar arcises appearing in
the last third of 1976-77 exercises. At age 17, nces bgtween means

were small and inconsistent. <
The reifationship between changes in percentages of correct responses and
position in package was .3 @fficiently clear to merit further action. The
numbers of exercises in : s positions were well balanced across the second
and third assessments. - - ‘:ies were not randomly assigned to jocation in
either assessment, ‘and Li¢ ., “ferences observed 'might have been confounded by
Cofntent or some other unknown variable. v ’

Changes in nonresponse were slightly but consistently higher for exercises
appearing in the last third of 1976-77 exercises.  The only exception occurred
at age 9, where a large increase in nonresponse to one open-ended exercise
caused a reversal in mean changes for exercises in the first third of 1972-73. -
Deleting that one exercise makes the two means identical. After inspecting

- &an changes in nonrespense (Table C-2 and Figure C-2) &nd exercise-by-exercise
plots 6T changes in position in package, nonresponse was dropped from further
consideration. The rates of nonresponse were too small and too unrelated to
package lacation to merit any adjustment of correct response change statistics.

"I Don't Know" Responses and Nonresponse

. _National Assessment emphasizes tu respondents that. it i: not a test in the
~uSual sense and scores are not reported for individuals. Exercises are present-
.ed on audiotapes to help ensure-exposure to all exercises, and the response ‘

choice "I don't know" is included among the possible choices on-all cognitijve
mu]tip}e-choige exercises to minimize guessing.® o B

Table C-3 -contains the mean percentages of "I don't know" responses in
1969-70-and 1972-73-for exercises used to measure changes in achievement be- -
‘tween the first two-assessments, and similar data for exercises used to measure
changes in achievement between the second and third assessments. '

°N. Burton et al., "The Effect of Position and Format on the Difficulty of -
Assessment Exercises." ’ :
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Region -
Northeast

-~ Southeast -
- Central.

Hest

Sex

- Male

-Female

Race
Khite

 Black

Umdfmm%ﬁy
Extreme rural

“Low metro

High metro . i

Nation J .

TABLE (3, _Méan Percentége Responding "I Don't Know“'in 1969-70, 1972-73‘and |

é ;

«1976-77 for Exercises Used to- Measure Change From 196970 to 1972-73 and . )
o -~ From 1972-73 to 1976-77, Ages 9, 13 and 17 |

Age 9 Percentages '. | Age 13 Pércéntagés o Age 17 Percentages
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"There was a slight but fairly consistentincrease in usage across the ‘
- three assessments. There was an increase in "I don't know" responses with age
on exercises used -in both 1969-70 and 1972-73; that trend is not apparent on
exercises used in both 1972-73 and 1976-77. Reporting-group usage of the "I
don't know" response mirrored. achievement trends fairly closely. Sex, race

and community-type differences were all the opposite of achievement differences,
while the pattern for regional groups is iwt clear. . .

: Table C-4 shows the mean per.:ntagés of nonresponse in 1969-70 and in
1972-73 on exercises used to. measure changes in achievement between the first

two assessments, and similar data for exercises used to measure changes in

achievement -from 1972-73 to 1976-77. The mean percentage of exercise rionre-

sponse ranged- from approximately % to 1% across -all ages and assessments. .Non-

response for various reporting groups tends .to mirror achievement patterns.

For example, blacks and.low-metro students have somewhat higher nonresponse

- rates than whites and high-metro students, just the opposite of the achievement

results. The trend is Tess clear for regional and sex groups, where achieve-

ment differences were smaller than for race and type of community.

Released and Reassessed Exercises

Most. National Assessment change measures are based on exercises that have
never been released for public use. The 1969-70 to 1972-73change summaries -
contained 10, 6 and 4 previously. released exercises at ages 9, 13 and 17,
-respectively. Analyses of changes in achievement on released. versus unreleasad
gxercises were inconclusive.® - At ages 9 and 17, ‘achievement. on released exer-
cises declined at the same rate as that cn unreleased exercises, while at inge
13, the changes in achievement were generally positive for both types of exer-
~cises. However, one of the exercises showing a large, positive change at age
.13 exhibited a large, nagative change at age 17. : ' '

, A number of previously released exercises were included in the 1976-77

science assessment; however, none has been included in change. summaries. Almost
all of those previously released exercises were released after the 1969-70
assessment. Change results for those exercises ‘and unreleased exercises “-om
the 1969-70 assessment are shown in Tables C-5 to C-7.}° Because differer~ial
“hanges have been observed in bioldgy ‘and physical science exercises, razsults
are given by.type. of science as well as for all exercises.’ :

For all exercises, changes in the percehtages-of correct responssas hetucer
1969-70 and 1976-77 were quite similar for .released and unreleased exercises.

°See Science Technical Report:  Summary Volume, Report 04-S-21, bp. 105-108
for additional details. :

19411 results were computed brior to weight smoothing; change statistics for
unreleased<exerc. :es differ slightly from those reported in Chapter 2.
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Region
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Central

- West

X _‘,
Male
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Raée '
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~Black

[ype of community
“Extreme rura)
Low metro .
-High metro

TABLE (-4, Me. - Pe?éentage,of Norresponse in 1969470, 1972-73“énd'1976~77~f6r
Exercises Used to Measure Change From 1969-70 1o 1972-73 and
From 1972-73 to 1976-77, Ages e 1T

Ll

- Age.9 Percentages Age 13 Percentages Age 17 Percentages
07 L A -
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 TABLE C-5."Mean Changes in Pe}centages of Correct Responses From 1970 to 1977 far
~ Released and Unfé]eased:Egercises by Content Classification, Age 9

Cassification o O Numer ~ Change B Change  Total Change
S \ | of Exercises - 1970 to 1973 1973 to 1977 |
Biotogy - | Released after : - |
S -+ 1970 assessment o5 -3 -4 -1.7
Standard error - L () (1.0)
Unréleésed o n -1 8 : .3
| Standard error ;. () (-.8) (~.8)‘ .
Physical. science Released after o |
AN 1970 assessment 8 -3 0.1 YR
Standard error - (1) (L) (1.0)
) fUnrejeased; 5 a4 2.3 - f4.7 :
Standard error . SN ) I A | (.7)
Unclassified .RéTéased‘after o o ~ | | o
| - 1970 assessment ( Lt --
Standard errr -~ e -
Unreleased - I | L6 -3l 4.8
| . Standard error . (1.0) - (L1) . (1,1)
Total o - ReTéaséd after S TR T
| 1970 assessment 3 R A X
- - Standard error () ) I )
lreleased 3 -15 -6 2.1
Standed error R ) I W (.6)
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THBLE. C-6.
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,' Standard error
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Standard. epror
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Standard error |
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.
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23

Change
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Change -

1972 to 197

ges of Correct Response; From 1969 to 1976 for
c1;es by Content Classification, Age 13

Total Change



TABLE (-7, Mean Changes in Percentages of Correct Responses'From 1969 to 1977 for

Released and Unreleased Exercises by Content Classification, Age 17

;Classification.

Bid]ogy |

- of Exercises

Reﬁeased after
1969 assessment

. Standavd error

~ Unreleased

Physical sciance

Standard error -

- Released after

1969 assessment
Standard error

©Unreleased -
- Standard error

Untiassified

‘Reledsed after |
- 1969 assessment
Standard error -

- Unreleased

ot

Standard error

"~ Released aftef
1969 assessment
Standard error

Unreleased"

Number

. Change

Change

1

3

&

. Standard error

1969 to 1973 1973 to 1077

[ 2R &S ]
-

2

XN

Total Change
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When classified by type of science, results are less consistent. At all three
~ages, released biology exercises showed ‘larger declines than did unreleased
biology exercises. In physical ‘science, declines were somewhat lower for re-
leased than for unreleased exercises. There were very few unclassified exer-
‘cises, and changes on these were quite similar for relnased and unreleased ex-
ercises at ages 13.and i7. Thus, for the small number of released science
exercises on which National Assessment has repeated change measures, release
for public use may not have had much-effect on the percentage of correct re-
sponses. : . ' '

National Assassment has no control over the use of ‘released exercises. At
-any time, a specific exercise may be used in other assessment or testing pro-
grams or reproduced in newspapers, journal articles or textbooks. If large
"numbers of students are exposed to the exact content of the exercise, it is
irreparably contaminated for measuring changes in- achievement. Consequently,
National Assessment's reuse of previously released exercises is minimal.



| .. APPENDIX D
NONRESPONSE IN ASSESSMENT SAMPLES

In addition to sampling variability,.estimates of population values com-
puted from sample surveys might be -subject to random error and systematic bias.
Systematic bias, or nonrandom error, might result. from estimation procedures,
errors inherent in measurement and data collectioh procedures, and nonresponse.
Sampling variability and random error are discussed in Chapter 1 and nonrandom’
errors are described in-Appendix C. This appendix examines nonresponse in-the
1969-70, 1972-73 and 1976-77 assessments. Since nonresponse rates at ages 9
. and 13 are relatively small, the following discussion concerns 17-year-olds'

response.rates only. L _ ‘ -

.. Bias due to nonresponse is present in virtually every sampla survey but
.is frequently ignored since it is difficult to estimate its size. A variety
of factors contribute to nonresponse.  Nonrespondents might either be difficult
~to notify or reluctant to participate once they are notified; some might be
-absent from school_during the entire contact period with ‘item administrators.
However, these nonrespondents can be important, since, if they respond differ-
~ently than did the people actually included in tha sample, estimates of per-
centage based solely on the sample are biased and not properly rep: asentative
. of the-age population being assessed.- R " ~

.- To provide some information about the size of the bias due to nonrespcnse
in-National ‘Assessment surveys, the Research Triangle Institute, Raleigh,

. North Carolina, was asked to conduct a special study of ncnrespondents during

- the 1972-73 assessment of science and mathematics. The study was conducted

on the age population of eligible 17-year-olds who, at the time of the assess-
- ment, were “isted as enrolled in sclivol. Some of these students, in fact,
 were no longer attending school at the time of the assessment. Eligibles had
to be English-speaking, physically and emotionally able to respond to exercises
as administered and not residing in an institution. D

The results of the nonresponse study! indicate that 17-year-olds listed
. as enro:led in schools but not appearing at the designated time of assessment
can be divided -into two different groups.  The first group of nonrespondents,

W.D. Kalsbeek =t al., No Show Analysis, Fina]_Report'(Raléigh, N.C.: Research
Triangle Inst  Jte, 1975)% W.T. Rogers et al., "Assessment of Nonresponse Bias

“in Sample ¢ . rs:. An Example From National Assessment,” Journal of Educational
Measurement. V. . 14, No. 4, 1977. ' :
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which comprises about 80% of the total nonrespondent group, cid not appear for
the assessment because of conflicting school activities or illness. The per- -
formance of this .group was not very different from the performance of students
assessed during the regularly scheduled sessions. The second group of nonre-
spondents, which compi-ises- about 20% of the nonrespondents, do not appear to be
“available in the schools at any time. They attend infrequently if they attend
- at all (for practical purposes they have dropped out of school), or they have
moved out of the school attendance area. In either case, these students should:
probatiy not have been listed in the in-school population of eligibles. This
_group, in contrast to the group of nonrespondents who were in fact attending

- school, performed more poorly on assessment questions. than students assessed
during the scheduled sessions. - o o

The weights.usad by National Assessment to estimate the percentage of

acceptable responses are adjusted for nonresponse. The adjustment assumes

that -the nonrespondents would perform, on the average, in a manner similar tc
those who did respond. However, the nonresponse study showed that the second
~group of nonrespondents, those enrolled in but not actually attending school,
typically performed at a lower level than either those who did respond or the
- first group of nonrespondents. If-the second - group 1is included in the popula-
_tion of eligibles, the nonresponse adjustment’ procedure used by National Assess--
.ment would result in overestimates of the true percentages of acceptable re- -

sponses. . . o L : L o 4

Beécause the second group of students is effectively no longer attending
.schooly it does not seem appropriate to include them in estimates for 17-year-
olds in school. Thus, these students are not considered part of the population
of eTigibles and are excluded from the computations of percentage of the sample
covered -for 17-year-olds shown in Table D-1. ‘ : -

_Including the second group of students and then reducing-bias due to their
nonresponse would reguire the location and testing of some of these individuals.
The difficulty and costs associated with suppiementary data collection of the
- nonrespondents not actually attending school are so great that this has not
- been a feasible alternative in recent years. :

National Assessment continually evaluates its field procedures and has
introduced new. methods to lessen the effects of nonresponse. In the second
- and third assessments of science for 17-year-olds, item admi:istrators used -
the; day following a regularly scheduied assessment session to locate and assess
nonrespondents. This helped to reduce the bias due to nonresponse of students
enrolled in and attending school. : p '

. However, systematic bias in change measures can be introduced if the use
of new procedures results in very different samples in different assessment
years. Thus, measures-of change from previous years are still based upon sam-
ples obtained.using the old procedures. Measures intended for use in deter-
mining future changes are based on samples obtained using the new procedures.

Table D-1 shows the average sample coverage per package (bocklet) of exer-
cises administered in 1969-70, 1972-73 and 1976-77. The rate of coverage is.

O /6
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- TABLE D-1. Munber of Students Assessed and Percént of Sample | 'ﬁ”’*
(overed by Age, Assessment Vear and Type of Aduinistration R

'Type of o Number of  Total Number hverage Number Average Sample-
Adinistrationt ~ Packages ~ of Students Assessed Coverage
. | | - Assessed Per Package in Percent
- ¥ L N Yo
[ 2 B3 186 g1
5 9 21,69 20 . g
] R 18 g
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v , 3,38 Lot 71
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46 indieates group-adninstered packages; I indicates package vas administered to one student at a time.

ttComplete records gt ages 9 and 13 vere not avaslable, These are best estinmates of swple coverage.

*WF indicates

oup administrg

group administration with folloy Wp of monrespondents attending school, /o F indicates
bion vithout follow up of nonrespondents atteriding sehool, ‘ |

wote:  Computations for 17-year-olds do ot inelude those enroliag i school but not dctuaZZy attending,

i
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.
.

based on an estimated total eligible age population of students who are‘avail-
~able * schoyl -- for 17-year-olds, those enrolled minus the 20% estimated to
~ be enro*:ad but unavailable in school. For completeness, .figures are also
shown. for individual interview packages. Only one individually administered
‘package at age 9 in 1972-73 contained exercises used to measure changes 1in
achievement. ' o 3

. Figures "~v'17-year-olds include both a sample of 17-year-olds assessed
according to old procedures (no attempts were made to contact and assess non-
respondents the following day) and a sample assessed according to the new pro-
‘cedures (attempts were made to contact and assess nonrespondents). Since the
1969-70 and .1972-73 samples did not include follow-up attempts, changes in
percentages between ‘assessmerits zre based upon the 1976-77 sample that does not
include the follow-up attemnts. Changes toward future years will be based
upon the sample that doe: “nclude follow-up attempts. '
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